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PEEFACE OF THE AUTHOES. 

♦ 

Among the numerous works of analytical chemistry 
which we have consulted, we have not met with a 
single treatise on the docimacy of iron in an exclusively 
industrial point of view. We have tried to supply this 
want by the publication of the present Manual, in 
which our aim has been to present in a concise form 
every item of information which we considered of use 
to chemists in ironworks, for whom our work is 
specially intended. 

We are convinced that our labour will spare them 
long and wearisome researches, which they would often 
be obliged to make, through more general treatises often 
of little practical utility. We hope we shall assist 
in generalising the processes most in use, or at least 
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in causing the adoption of uniform methods of opera- 
tion, the introduction of which would be especially 
valuable in cases of conflicting analyses. 

If we succeed in our endeavour, we shall be suffi- 
ciently recompensed for the labour of the investigations 
we have undertaken. 

Lteoe^ 1871. 



EDITOE'S PEEPACE. 

This small volume deals simply with the practical. 

: is the work of authors skilful aud well acquainted 

P^th the analytical methods generally adopted in the 

I '^eat ironworks and factories of Belgium, France, and 

many, which, together with the apparatus and 

igents there usually employed, they succinctly de- 

mbe. 

The work appeared to me a useful table manual, 
F«TeQ to the accomplished aasayer aud analyst. It is 
I also one, from the careful study of which, accompanied 
I by the self-instruction derivable from a repetitive course 
I -of the operations described, any tolerably intelligent 
I man, with some preliminary knowledge of inorganic 

diemistry and of manipulation, might become a prac- 
l Ideal iron-assayer. As much chemistry as that may 

now be acquired at many of our educational institu- 
LlionB, colleges, &c. Although our national notions and 
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standard of general education remain so defective^ 
that engineers, mechanicians, founders, manufacturei*s, 
and traders remain generally ignorant of chemistry 
and chemical analysis, the knowledge of which is yet 
so important to all, a clearly written handbook such 
83 this (which deals with the vastest of our metaUia 
industries — ^that of iron) cannot but prove serviceable 
now, and must become increasingly so with the pro- 
gross of education. 

I have, therefore, deemed the work of Drs. De 
Koninck and Dietz worthy of translation, and have 
added some notes which, it may be hoped, do not 
detract from its value. 

Amongst these is one which may offer several useful 
hints (derived from personal experience) for the con- 
struction and arrangement of industrial and analytical 
laboratories in ironworks and like establishments. The 
formulaa, as well as the atomic and molecular numbers,. 
I have left as I found them in the original work. 

BoBEBT Mallet. 

London, Zrd June, 1872. 



GENERAL PLAN OF THE WORK. 

♦ 

We shall give in a few words the plan which is 
adopted in the arrangement of this Manual 

The First Part contains a description of the reagents 
to be employed, and the experiments necessary in 
order to ascertain their degree of purity. 

In the Second Part we give some practical suggestions 
relative to the apparatus employed in the laboratories 
attached to ironworks. 

The Third Part treats of volumetric assaying. 

The Fourth is devoted to the analysis of iron ores, 
slags, and scoriae, by the wet method. 

The Fifth Part treats of the assay of the same ores 
by the dry or docimastic method proper. 
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The Sixth gives the methods of analysis of malleable 
iron, cast iron, and steel 

The examination of fuels forms the Seventh and 
last Fart. 

To complete the treatise, we indicate the methods 
most generally used in analysing zinc and lead ores — 
the rather as these are occasionally found more or less 
in company with ores of iron, so as to complicate the 
analyses of the latter. 

The Translator and Editor's notes are referred to by 
numbers in the text, and will be found at the end of 
the volume. 
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THE KEAGENTS. 
I.— SIMPLE SOLVENTS. 

Water. 

Formula, H^O. Atomic weight, 18. 

If water containing even a slight trace of impurity 
-were employed for analytical purposes, we should be 
liable to fall into serious en'or, taking into consideration 
the large quantity of water required. Only distilled 
water is employed. For the necessary degree of puritj' 
we should ascertain that there be no residuum after 
evaporation, and that its clearness be preserved after 
the addition of a barytic solution or the oxalate of 
ammonium ; any disturbance in the water occasioned by 
the first of these reagents would indicate the presence 
of sulphuric acid or some sulphate ; the second would 
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indicate, in like manner the prcstmce of salts of calcium. 
A small quantity of the sulpLliydrate of ammonium 
should only give water a clear yellow tint ; a greenisb 
tint or a precipitate would be produced by the metallic 
Baits. Lastly, wc should ascertain that water acidulated 
with pure sulphuric acid does not discolour permanga- 
nate of potassium, even at a temperature of 60° to 70" 
Centigrade, which would indicate the presence of organic 
matters, and would injure the analysis of iron hy the 
volumetric process of Marguerite. 

The presence of small quantities of hydrochloric 
add, or of any alkaline chloride, will not falsify the 
results of such analyses as we are here engaged with 
a. Bolutioa of nitrate of silver will give a very simple 
and sensitive test for their presence. Water should 
be distilled in a copper still, coated internally with 
tin, and furnished with a tin worm or condensing 
tube. The first water distilled over is always rejec 

I it generally contains ammonia, and we should not 
distil off more than two-thirds of the water employed 
in order to avoid the caiTying over of solid matters. In 
large manufactories distilled water is easily obtained by 
condensing the vapour issuing from a steam-boiler. (1) 

To keep water pure, we should preserve it in glaas 
bottles from the vapours of the laboratoty, and never 
pour it directly from these into vessels filled with 
vapours or gases. A very suitable apparatus for the 
preservation of water consists of a large bottle 
(fig. 1), furnished with a doubly perforated cork, 
haying on one side a syphon, and on the other a tube 
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for the access of air; the syphon terminates in a 
gatta-percha tube closed with a atop cock ; the air tube 
is bent down, and contains a bung of wadding to retain 
dust. It would be still better to cause it to communi- 




! with two small vessels, one containing sulphuric 
Had and the other a solution of potass or caustic soda, 
I order to prevent the gases or injurious vapours &om 
B laboratory penetrating the apparatus. Tiiis can be 
Bed on a stand or bench of fjuitable height. For or- 
■ use, water can be preserved in phials with a 
Kut or tube. 
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Alcohol, 

Formula, C»H«0. Atomic weight, 46. 

The alcohol employed is not that represented by the 
above formula ; ordinary spirits of wine at 85 per cent, 
is quite suitable. 

Ether. 

Formtda^ C*HioO. Atomic weight, 74. 

The ether of commerce is sufficient for general pur- 
poses. Even at an ordinary temperature, ether emits 
vapours which form an explosive mixture with air. 
Care should be taken not to make use of this reagent 
in proximity to any body in combustion. (2) 



II.— ELEMENTAEY BODIES. 
Hydrogen, 

Formula, H. Atomic weight, 1. 

Hydrogen is prepared by the action of metallic zinc, 
and dilute sulphuric acid. The following equation shows 
the reaction. Zn+H»SO* =ZnSO^ +H*. 

To obtain pure hydrogen the zinc and the acid used 
should both be pure, and the gas should not be collected 
until the air is completely expelled from the apparatus. 
The latter is. composed of a bottle with a wide neck, 
closed with a doubly perforated cork, supporting a 
funnel tube extending to the bottom of the bottle, and 
a bent tube for the liberation of the gas. The bottle 
contains water and granulated zinc, and upon this we 
pour through the funnel some sulphuric acid, adding; 



CHEMICAL ANALYSIS AND ASSAYING. 5 

more from time to time to secure the regular develop- 
ment of the gas. We may also use the apparatus of 
Doebereiner, described at page 15, in reference to the 
preparation of carbonic anhydride. To obtain dry 
hydrogen we must pass it through a tube of the U form 
containing chloride of calcium. (S) 

Chlorine. 

Formula, CL Atomic weight, 35,5. 

Chlorine gas is obtained by taking away the hydrogen 
from hydrochloric acid, by means of an oxidising body. 
The peroxide of manganese is the most suitable of all 
proposed oxidisers. 

The apparatus required is represented in fig. 2 ; a is 




Fig. 2. 



a flask containing a mixture of the peroxide and ordi- 
nary hydrochloric acid ; it has a safety-tube t, and a 
discharge tube if. The latter conveys the gas into the 
flask 6, containing a small quantity of water. , If it be 
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desirable to obtain dry gas, & second 3ask containing 
concentrated sulphuric acid is added to the apparatus. 
The flask a ,is half dipped in a water-bath. The re- 
action commenced then goes on in the cold, but is 
accelerated by the application of gentle heat. The pec- 
oxide of manganese, in pieces of the diameter of one to 
two cubic centimetres (size of large beans), is preferable 
to the powdered oxide, not only from its greater purity, 
but from the moi-e regular liberations of the chlorines.. 
The following equation represents the leactioD ; — 

8ECl + 2MnO*=Mii"CI*+4H''0 + a' 
Chlorine water is obtained by paesing the gas through 
distilled water up to saturation ; this solution, which 
contains about five volumes of chlorine to one of water, 
must be kept in a cool place, excluded from light, in a 
glass stoppered bottle, rendered air-tight by keeping it 
turned upside down, to make by the fluid itself the clo- 
sure move hermetical. Notwithstanding these precau- 
tions it changes before long; the chlorine combines 
with the hydrogen of the water (forming hydrochloric 
acid), and oxygen is liberated, (4) 

Bronime. Iodine. 

Fonnnin, Br. Atomic weight, 60, Fcpnniila, I. Atomio weight, 127. 
These two reagents are employed in the state fiir- 
nished by commerce. Bromine is preserved in well- 
stoppered and capped bottles, as a security against 
escape of its vapomr, which is excessively corrosive. In 
iising this reageut we should not forget that it has a 
most injurious effect upon the skin, and that its fumes 
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-attack the eyes and lungs. Bromine water is prepared 
ly sliEiking together briskly in a closed vessel bromine 
and distilled water; to insure saturation, the bromine 
should be added until some remains undissolved. We 
can ascertain whether the solution be free from sul- 
phuric acid by means of chloride of baiium. 

Bromine is employed in large quantities for determi- 
nation of carbon in cast iron ; and as it is expensive, it 
is advantageous to preserve the solution obtained in 
order to extract the bromine again. In the solution it 
ia found in the state of bromide of iron ; with the aid of 
a solution of carbonate of potassium, wc effect a double 
^^ decomposition, and obtain an insoluble compound of iron, 
^Humd a soluble one of bromide of potassium ; by filtra* 
^^Bion and evaporation we obtain crystals of the latter. 
^^Ko abstract the bromine, we mix these crystals with pul- 
^^berised peroxide of manganese and sulphuric acid, 
^Vliluted with three-fourths of its volume of water. This 
loixture is then distilled, and the bromine vapours con- 
densed in a small glass refrigerator tube. 
' Iodine is recovered in the same way, taking care to 

I substitute concentrated sulphuric acid for the dilute. (5) 
Oxyyen. 
Fonnula.O. Atomic weight, IG. 
Oxygen is obtained pure by the decomposition of 
Bhlorate of potassium by means of heat — 
KC10= = KCl + 03. 
[■" 
Poi 



The operation is performed in the following manner ; 
pulverised chlorate of potassium, mixed 
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with about a fifth of its weight of peroxide of copper 
or pulverised peroxide of manganese, into a small glass 
retort The oxides of copper or manganese greatly 
assist the reaction, although they are not themselves 
decomposed Care should be taken that the mixture 
contains no organic matter, which might cause explo- 
sion, or at least destroy the purity of the gas. An 
escape-tube is fitted to the retort by means of a cork 
or caoutchouc tube, and heat is applied by a spirit or 
gas lamp or a little charcoal fiimace. When the libera- 
tion of the oxygen has commenced we collect the gas 
in a gas vessel, by inserting the escape-tube in the 
tubulure of that vessel. The temperature should be 
raised towards the end of the operation, but carefully, 
to avoid bumping at the bottom of the retort. The 
proportion of chlorate to be employed is four grammes 
for each litre of oxygen required. The peroxide of 
copper made use of is not lost ; to regain it we have 
only to add water to the residuum of the operation, and 
by filtration separate the insoluble oxide, and then 
calcine it afresh. 

Iwn, 

Formula, Fe. Atomic weight, 66. 

Iron is made use of to fix the standard strength of 
the solutions intended for volumetric analysis. For 
this purpose we use piano-forte wire, which is the 
purest iron furnished by commerce ; it contains on the 
average -^^ impurities, and consequently -^^ of pure 
iron. 
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It should be preserved free from damp, and from the 
fumes af the laboratory, which would cause oxidation. 
It may be kept in the balance room and best in a wide 
stoppered bottle. 

Zinc. 

Formula, Zn. Atomic weight, 62,2. 

Thin plates of rolled zinc are most generally em- 
ployed : it is cut into small pieces of equal size, which 
facilitates the operation, as we shall see when treating 
of the volumetric determination of iron. The rolled 
metal of commerce is not of sufficient purity to 
standardise solutions of sulphide of sodium intended 
for the volumetric analysis of zinc ; it is necessary to 
employ for this redistilled zinc. 

Tin. 

Formula, Sn. Atomic weight, 118. 

This metal is employed in thin slips for the determi- 
nation of phosphoric acid. For the preparation of 
chloride of tin, grain tin of commerce may be em- 
ployed. 



III.— ACIDS. 
Hydrochloric Acid. 

Formula, HCl. Atomic weight, 36,5. 

The pure acid is colourless, and leaves no precipitate 
when evaporated in a capsule of platinum ; it ought 
not to turn blue immediately on the Edition of a little 
starch paste and iodide of potassium, which would indi- 
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cate the preseDce of free chlorine or ferric chloride. 
Diluted with twice or thrice its volume of water, it 
should not be affected by a drop of a solution of chlo- 
ride of barium, as indicating the existence of sulphuric 
acid. Besides pure hydrochloric acid, we use for the 
preparation of chlorine, &c., the impure acid sold 
under the name of ordinary hydrochloric acid, which is 

strongly coloured yellow by ferric chloride. 

• 

Nitinc Acid. 

Formula, HNO'. Atomio weight, 63. 

This reagent is employed in two conditions ; that of 
concentrated nitric acid, usually coloured yellow or 
brown by less oxidised combinations of nitrogen, or 
ordinary nitric acid less concentrated than the first. 

This acid ought not to leave any residue on evapora- 
tion ; it ought to be quite free from sulphuric acid, 
which can be ascertained as indicated in reference to 
hydrochloric acid ; with a solution of nitrate of silver 
we can ascei-tain the presence of chlorine. A small 
quantity of the latter is not generally injurious in 
analysis. 

Aqua Regia. 

This is obtained by the mixture of one volume of 
nitric acid to three or four volumes of hydrochloric 
acid ; it is not usual to prepare it beforehand, for 
according to circumstances there is an advantage in 
making use of aqua regia containing an excess of one 
or other of these acids. 
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Sulphuric Acid. 

Formula, H*SO'. Atomic weight, SS. 



11 



^H When pure this acid is colourless, and when diluted 
^r with twice or thrice its volume of water ought not to 
decolorate a drop of a solution of permanganate of 
potassium, either immediateiy, which would be due to 
sulphurous acid, or after contact for some time with a 
slip of pure zinc, which would indicate the presence of 
Dltric acid. 

i cunont of hydrosulphuric acid even when pro- 
jfflged for some time should produce no precipitate in 
the pure dilute acid. (6) 



1 Hydro-Sidphimc Acid (Sul2JhuTettfd Hydrogen). 
Fotmnla, H'S. Atomic weight, 34. 

Hydrosulphuric acid gas is obtained by the action of 
(lilphuric acid or dilute chlorhydric aj:id on sulphide of 

Te'S' + 2H'S0' = 2H=S + F^S»0» ; 



Fe'S» + 4HC1 = 2H^S + Fe^Ci'. 

Hydrochloric acid is preferable to sidphuric acid, 
Bcause the latter, by producing a salt easy of crystalli- 
iBtion involves a more frequent cleansing of the ap- 
Batus. To prepare this acid introduce into a flask 
[, 3) some fragments of sulphide of iron and some 
ter ; by the funnel ( pour in the acid as required, 
1 according to the desired rapidity of the current of 



d 
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gas. The gas first passes into the flask 6, which con- 
tains a little water, thence by the bent tube t\ and the 
continuing tube f , into the liquid upon which it is to 




Fig. 3. 



act. This continuing tube, supported by a caoutchouc 
tube, is easily removed and cleaned. To prepare a 
solution of hydrosulphuric acid, we must pass the gas 
to saturation into distilled water; this solution must 
be preserved from air and light. 

We can very easily prepare sulphide of iron for this 
use by mixing three parts of iron filings with two parts 
of flowers of sulphur, projected gradually into an 
earthen crucible heated red hot. It is covered and 
heated until the mass is well melted, and then poured 
out on a metal plate, and broken up. (7) 

Acetic Acid. 

Formiila, C«H*0«. Molecular weight, CO. 

Ordinary acetic acid, containing about thu-ty per 
cent, of the normal acid is used ; it is sufficiently pure 
when it leaves no residuum upon evaporation. 



f 
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Oxalic Acid. 

Formula, C^H-O' + SHH). Molectdar weight, \26. 
This acid is employed to standardise solutions of 
permanganate of potassium. The commercial acid is 
neyer sufficiently pure for the pui-pose ; it must be 
purified by recrystallisation. To do tliis we must pour 
Buch a quantity of hot distilled water on the commer- 
cial acid as will not completely dissolve it, then filter 
tot and leave the Kquid at rest. In cooling, crystals 
are deposited which are separable hy decanting the 
mnther liquor. These are left to dry between sheets 
of filtering paper. The drying must bo done without 
it, in order to avoid driving off some of the water of 
;aUisation. 

LThis acid is pure wlien no residuum is left after com- 
IBtion on platinum foil. 

Bucciidc Acid. 
Formula, C'H"0'. Molecular weight, 118. 
K'This is only required for the preparation of the succi- 
nate of ammonium (see this reagent). To ascertain 
its purity, observe whether there be any residuum 
after combustion on platinum fod. It is preserved in 
Hie state of crystals which should be colourless. 

Tartai-ic Add. 
Formula, C'H°0», Moleoolar weig-ht, luO. 

■'In solution in pure water, tartaric acid decomposes 
g)idly, and becomes mouldy. The solution can be 
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preserved unadulterated by the introduction of a morsel 
of camphor. The acid may be preserved in a solid 
state, best in fine powder, so that a solution can be 
rapidly made when required. The same test as that 
for the preceding acid decides its purity. (8) To acids 
properly so called we shall add the three following 
anhydrides : — 

Sulphurous Anhydride. 

Formula, SO^ Molecular weight, 64. 

Sulphurous anhydride is produced by deoxidising sul- 
phuric acid by means of metallic copper : the following 
equation indicates the reaction : — 

2H«S0* + Cu = CuSO* + 2H^0 + SO^ 

The apparatus required is the same as that used 
for the preparation of chlorine, with this difierence 
only — it is heated by a naked charcoal fire or by gas- 
flame ; into a flask a (fig. 2) pour four parts 6f ordinary 
sulphuric acid, then add one part of copper wire or 
sheet cut into bent shreds ; fill the tube intended to 
prevent absorption also with sulphuric acid. The heat 
required must be cautiously applied to avoid bumping 
or bubbling over of the mass. From the flask, b, the 
gas is conveyed either into the liquid upon which it is 
intended to act, or into a flask containing cold distilled 
water, and kept cold, if a solution be requii-ed. The 
solution must be preserved in well-closed bottles. Char- 
coal may be used instead of copper ; the operation is 
performed in the same way, but the following equation 
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shows, 2H»S0* + C = 2H'0 + CO' + 2S0', that 
the sulphurous anhydride thus obtained is mixed with 
lialf its volume of carbonic anhydride, which much 
impairs its solubility, and consequently its action. 

). Carhonic Anhydride. 

Formula, CO'. MoleouLir weight, 44, 
To prepare this gas, drop into a flask of water 
>Dme pieces of carbonate of calcium ; the cork of the 
Sask should be perforated by an escape-tube and a 
fimnel-tube descending into the liquid; through the 
latter tube pour in gradually some hydrochloric acid, 
r^ulating the quantity by the rate of liberation of the 



I The reaction is as follows : — 

CaCO* 4- 2HCa = CaCl* + H«0 + CO*. 

1 The appai-atus of Doebereiner, represented in fig. 4, 




If very suitable for the preparation of this gas. 
In the middle of a cylindrical vessel, containing HCl, 
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a glass bell with tubes is supported by means of a disk of 
wood or metal. Some carbonate of calcium (white 
marble) in tolerably large pieces is suspended in this 
bell by means of a wire net, or is placed in a perforated 
vessel placed within the bell. On letting the gas escape 
from the bell, the dilute hydrochloric acid ascends in it, 
and coming in contact with the carbonate of calcium, 
evolves carbonic anhydride, which escapes by the tube 
passing through the flask, b, placed on the top of the 
apparatus. On the bell being again occupied by the 
gas the hydrochloric acid retreats, ai^d the apparatus is 
at rest. It is easy to regulate the escape of the gas. 

Molybdic Anhydride. 

Formula, MoO». Molecular weight, 144. 

This anhydride is used for the preparation of molyb- 
date of ammonium. The commercial preparation is 
sufiSciently pure. 



IV.— BASES. 

Potass. 

Formula, KHO. Molecular weight, 56. 

Commerce furnishes two kinds of potash : lime potass 
and alcohol potass ; the first is altogether impure, and 
should be entirely rejected ; even the second often con- 
tains impurities. If the potass be pure, a watery solu- 
tion, neutralised by hydrochloric acid, should not be 
affected by hydrosulphide of ammonium; potass in 
contact with the air, especially in solution, quickly 
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absorbs CO'. It should be preserved in the solid state 
in a well-stoppered bottle. 

Soda. 

Formtila, NaHO. Molecular height, 40. 

What we have said with regard to potass, applies 

equally to soda. The same test for purity as for potass 

is required. (9) 

Ammonia. 

Formula, NH'. Molecular weight, 17. 

Ammonia (a watery solution of the gas) should be 
colourless, and ought to evaporate without leaving any 
residuum ; it is often important to obtain it free from 
carbonate ; the test is lime-water, this reagent should 
not occasion any cloudiness. 

Lime. 

Formula, CaO. Molecular weight, 56. 

Lime-water (solution of the hydrate of calcium) is 
obtained by digesting slacked lime in excess, with cold, 
distilled water, filtering and decanting the clear liquid 
rising to the surface. (10) 

Alumina. 

Formula, Al^O*. Molecular weight, 105. 

This combination is employed as a flux in assays by 
the dry method. The alumina (pipe-clay) of commerce 
is generally sufiSciently pure for this purpose. 

Oxide of Lead. 

Formula, PbO. Molecular weight, 223. 

Pure litharge free from minium, the presence of which 
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may be known by its reddish colour, is employed. It is 
finely powdered and passed through a sieve ; by this 
means it is freed from metallic lead if it should contain 
any. It is only employed for dry assaying. 

Oxide of Copper. 

FomiTila, CaO. Molecular weighty 79. 

The black or peroxide of copper is employed either 
in a finely granular state, or in powder. It is used for 
the quantitative determination of carbon by combustion, 
and consequently should be free from organic matters, 
from which it is purified by calcination. 



v.— ALKALINE SALTS. 

A.-— Salts of Potassium. 

Nitrate ofPotasdum. 

Formula, ENO>. Molecular weight, 101. 

For analytical use, nitrate of potassium is sufficiently 
pure when its solution in distilled water is not aflfected 
by the addition of a few drops of a barytic solution. 
Nitre is used in the dry method as an oxydant. (11) 

Sulphate of Potassium. 

Formula, EHSO«. Molecular weight, 136. 

The hydro-sulphide of ammonium should not occasion 
any precipitate when poured into a solution of this re- 
agent The formation of a precipitate would indicate * 
the presence of alumina or of metallic salts. 
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Carbonate of Potassium. 

FonmUji,K>CO» + 2H'0. Molecular weight, IT*. 
The aqueous solution of this salt should be limpid ; 
neutralised by hydrochloric acid it should give iio pre- 
cipitate — nor any with the salts of barium (preseuce of 
sulphate), or the hydro-sulphide of ammonium (presence 
of alumina or of metallic salts). The solution, neutral- 
ised and evaporated to dryness in a capsule, should leave 
a residuum completely soluble in water. 

Black Flux. 

An intimate mixture of carbonate of potassium and 
finely divided charcoal is thus called. It is obtained by 
ffliiing one part of saltpetre and two parts of crude 
tartar (acid tartrate of potassium) ; this mixture is put 
into an iron veBsel, and set fire to by an ignited piece 
of charcoal. After combustion, the residue is pul- 
sed and kept in a dry place. 

Chlorate of Potassium. 

Fonnula, KCJO'. Molecular weight, 122,5. 
Ic chlorate is tested in the same way as the nitrate, 

d to purity. It is obtained in commerce of 
it parity. 

Femiaifganate of Potassium. 

Formula, K>Mu'0'. Moleeolar weight, 31G. 
I salt is furnished in commerce in crystals of 
jst perfect purity. It has long been designated 
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" Mineral Chameleon." As a general mle the larger and 
more regular the crystals the purer the salt. 

Sulphocyanide of Potassium. 

Formula, KCNS. Molecular weight, 97. 

The sulphocyanide of potassium, generally known by 
the name of sulphocyanuret of potassium, is only made 
use of for the qualitative determination of the per-salts 
of iron. For use, dissolve one part of the salt in ten to 
fifteen parts of water. 

B. — Salts of Sodium. 
Chloride of Sodium. 

Formula, NaCl. Molecular weight, 58,5. 

Chloride of sodium is used in quantitative determina- 
tion of sulphur by dry assay, in order to reduce the 
intensity of action of saltpetre, with which it is mixed. 
It is indispensable, therefore, to have it completely free 
from sulphates. The testing for this is the same as 
in the case of nitrate of potassium, viz., by a barytic 
solution. 

Sulphuret of Sodium. 

Formula, Na«S + 9H«0. Molecular weight, 240. 

This salt is deliquescent, and decomposes in the air ; 
it should be kept in a well-stoppered bottle. It serves 
for volumetric determinations of zinc ; for this purpose 
the crystallised sulphuret of commerce is of sufficient 
purity. A solution of sulphuret of sodium is prepared 
as follows : — Make a lixivium of pure caustic soda. 
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divide it Into two equal parts, through one of ■which 
pass hydrosulphuric acid gas to saturatioD, then reunite 
both parts, adding, if uecessaiy, a Uttle solution of 
caustic soda to remove completely the odour of the 
hydrosulphuric acid, and then filter to obtain a clear 
liquid. 

Niti'ate of Sodium. 
Formula, NaNO'. Molecular weight, So. 
This salt may be employed instead of the correspond- 
ing salt of potassium. It should be tested in the same 
manner. It is less energetic than nitre, ami in commerce 
much more impure. 

Sulphite of Sodium. 

Formula, Ha=SO' + :0H=O. Koleoular weight, 306- 
The aqueous solution of this reagent should be 
limpid ; heated with sulphuric acid to the complete 
expulsion of the sulphurous anhydiide, it ought not 
tlien to be affected by the hydrosidphide of ammo- 
nium. 
^B Carbonate of Sodium. 

^H Foimola, Na'CO> + lUH^O. Moleculoi weight, 23C, 

^* This combination should satisfy the same conditions 
as to purity as the cai-bonate of potassium. It is used 
like the latter for breaking up by fusion mineral bodies 
insoluble in acids. Instead of using either of these 
salts separately, a mixture of the two is to be preferred 
aa being more fusible than either alone. The mixture 
is composed of thirteen parts of carbouate of potassium. 



1 
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and ten parts of carbonate of sodium, diy, and finely 
powdered. 

We shall designate this mixture as sodic carbonate of 
potassium. 

Metaborate of Sodium (Olass of Borax). 

Fonxmla, Na*Bo«0% Moleciilar weight, 202. 

This salt is employed as a flux, in diy assays. Com- 
merce furnishes it sufficiently pure occasionally, but 
often containing silica, alumina, and iron in minute 
quantity. 

Phosphate of Sodium. 

Fonnula, Na«HPO* + 12H«0. Molecular weight, 358 

This should dissolve in water without leaving any 
residue, and the solution ought not to be affected even 
when warm by ammonia. For use, dissolve one part of 
the salt in ten parts of water. 

Acetate of Sodium. 

Fotmnla, C*NaH»0» + 3H«0. Molecular weight, 136. 

The solution of this salt should be limpid, and re- 
main so after the addition of oxalate, or hydrosulphide 
of ammonium. 

Succinate of Sodium. 

Formula, C*H*Na»0* + 6H*0. Molecular weight, 270. 

Succinate of sodium has the advantage over the 
corresponding salt of ammonium of being found ready 
prepared in commerce; nevertheless, the succinate of 
ammonium is to be preferred, because it does not leave 
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any fixed residue. Tests for purity tbe same as for the 
acetate, 

Jfitroprusside of Sodiv/m. 

Fcirmultt,I'eNu'(CN)»N0 + 2HH>. 

This combination is only used for qualitative analysis. 

The crystallised salt may be had in commerce. It ia not 

much employed, though its reactions are numerous and 

distinctive in some instances. 

C. — Salts of Ammonium. 



Chloride of Ammonium. 
PoxmiUa, NH-CL Molecolar weight, 53,6. 



I Chloride of ammonium, teated on platinum foil 
ould evaporate without residue. The solution should 
colourless, and should give no precipitate with the 
hydros ulpliide of ammonium. For use, employ five 
parts of water to one of the salt. The sublimed sal 
^^ ammoniac of commerce is tolerably pure, but usually 
^^uontaina a little iron. 



Sydrosulphide of AmTnonium. 

FormulB, (NH'JHS. MoleoiUar weight, 61. 



I 



This ia obtained by super-saturating ammonia with 
hydroBuIphuiic acid gas ; it ia generally purchased 
ready prepared. It must be preserved in well-stop- 
bottles, and eschided from the light. 
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Molybdate of Ammonium, 

Formula, (NH*)»MoO*. Molecular weight, 196. 

This reagent is employed in solution in nitric acid; 
one part of molybdic anhydride is dissolved in eight 
parts of ammonia and twenty parts of nitric acid. 
It is filtered, if it be necessary to obtain a clear solu- 
tion. 

Sesquicarbonate of Ammonium. 

Formola, (NH*)*C30« + 3H*0. Molecular weight, 290. 

The test as to purity is the same as that for 
chloride of ammonium. For neutralising acid fluids 
it is preferable to use this salt in the solid state ; as 
a precipitant it should be in solution. One part of 
the salt to foui* of water should be used ; one part of 
ammonia is added in order to saturate the excess of 
carbonic acid contained in the carbonate of commerce 
which is the sesquicarbonate of ammonium represented 
in the formula. 

Acetate of Ammxynium. 

Formula, C«H»(NH*)0«. Molecular weight, 77. 

The acetate of ammonium (the test for the purity of 
which is the same as that for the carbonate) may be 
employed in preference to the acetate of sodium, because 
it does not contain fixed matters, if its high price did 
not generally exclude it from industrial laboratories. 



CHEMICAL ANALYSIS AND ASSAYING. 25 

Oxalate of Ammonium, 

Formula, C«(NH*)aO* + H«0. Molecular weight, 142. 

Test for purity, the same as that for the preceding 
salts. The oxalate is employed to precipitate lime. 
One part should, for this purpose, be dissolved in twenty- 
four of water. 

Neutral SvAicinate of Amnfumium, 

Formula, C*H*(NH*)«0*. Molecular weight, 152. 

The crystallised succinate of ammonium furnished by 
commerce is the acid succinate, C'*H*(NH*)0'*; mole- 
cular weight, 135. The neutral succinate is prepared 
when required by means of succinic acid directly, or the 
acid succinate dissolved in water may be saturated with 
ammonia until it presents neutral reaction on litmus 
paper. 



VI.— SALTS OF THE ALKALINE EARTHS. 

A. — Salts of Barium. 
Chloride of Barium. 

Formula, BaCl* + 2H«0. Molecular weight, 244. 

This should be completely soluble in water, and should 
not contain any salt precipitable by hydrosulphide of 
ammonium. It is used in solution with ten times its 
weight of water. 
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Nitrate of Barium, 

Formula^ BaNH)«. Molecular weight, 2G1. 

Test for purity the same as that for the chloride. The 
solution is made with fifteen parts of water to one of 
the salt. 

Carbonate of Barium. 

Fommla, BaCO>. Molecular weight, 197. 

It is necessary to prepare the carbonate of barium 
in the laboratory, because that had in commerce hav- 
ing been desiccated will not answer. The prepara- 
tion is as follows : — ^Dissolve chloride of barium in a 
large quantity of warm water, heat the solution, and 
as soon as it commences to boil, pour in gradually a 
solution of carbonate of ammonium or of sodium until 
precipitation takes place, then let the fluid settle, pro- 
tected from dust ; decant the supernatant clear liquid 
and repeat the washing by decantation with warm 
water until the supernatant liquid gives no precipi- 
tate with nitrate of silver. The carbonate of barium 
is again suspended in as much water as will form a 
cream or pap, and preserved in that state in a stop- 
pered bottle. 

Acetate of Barium. 

Formula, C*H«BaO* + 3H»0. Molecular weight, 304. 

This is very easily procured by saturating acetic acid 
with carbonate of barium. It is a reagent of very 
limited use. 



CHKMHJAL ANALYSIS AXD ASSAYIKG. 27 

B.— Salts of Calcium. 

Chloride of Calcium. 

Formula, CaCl", Mulecnlar weight. 111. 

Chloride of calcium is only employed in virtue of its 

f Strong deliquescence as an absorbent of water vapour, so 

I it need not be pure. It can \>e easily prepared by coni- 

I pletely satmating hydrochloric a^id with white marble 

l-clups, and evaporating the solution in a porcelain dish 

^ tuitil the mass becomes pasty, porous, and dry, or the heat 

may be raised so as to fuse the salt. It is reduced to 

fragments and kept in a well-stoppered bottle. The 

merely dried salt is preferable to that which has been 

fuaed, since the latter always contains a little lime arising 

from decomposition of some of the chloride by the com- 

I bined action of heat and water ; besides, the porosity of 

■the dried chloride gives it an absorbent power much 

Jauperior to that of the fused cldoride. 

Carbonate of Calcium. 

Formnla, CaCO". Moleoolar weiglit, 100. 
This reagent is employed for the quantitative deter- 
tmination of iron by dry assay. We shall treat of it 
(under that head. 

C. — Salt of Magnesium. 

yiwlphaie of Magiiesiu-m. 

Formula, MgSO* + 7H'0, Molecular weight, 2*6. 

For use it is indispensable that this solution, mixed with 
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one of chloride of ammonium, be not affected either by 
ammonia or by its oxalate, nor by hydrosulphide of am- 
monium, even after an hour's repose. This salt serves to 
precipitate phosphoric acid. For this purpose prepare 
a solution of one part of crystallised sulphate of magne- 
sium and one part of chloride of ammonium in eight 
parts of water ; add four parts of ammonia, let it rest 
for some days, and then filter. 



VII.— METALLIC SALTS. 
Nitrate of Silver, 

Formnla, AgNO'. Molecnlar weight, 170. 

The commercial salt sold for photographers* use is 
veiy pure : one part should be dissolved in twenty parts 
of water, and the solution preserved from the fumes of 
the laboratory and from light. (12) 

Chloride of Nickel, 

Formula, NiCl* + 9H*0. Molecular weight, 291,7. 

The crystallised chloride of nickel of commerce is 
pure enough for the purpose for which this reagent is 
intended. It is used in solution in water. 

Chloride of Copper. 

Formula, CuCl«. Molecular weight, 134,5. 

This reagent is employed in solution prepared either 
by dissolving in water the crystallised salt, or by the 
direct solution of copper in aqua regia containing an 
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excess of hydrocLloric acid, evaporating the solution to 
dryness, and treating the dry mass with water. 

SulphcUe of Copper. 

Poimula, CuSO* + 5H«0. Molecular weight, 249,5. 

The salt of commerce purified by recrystallisation will 
answer. 

Nitrate of Lead. 

Formula, PbN«0«. Molecular weight, 881. 

Nitrate of lead can be had in commerce of purity suf- 
ficing for our purpose. 

Acetate of Lead. 

Formula, C*PbH«0* + 3H«0. Molecular weight, 379. 
The remarks as to nitrate of lead apply here. 

Chloride of Mercury. 

Formula, HgCl*. Molecular weight, 271. 

The sublimed chloride of mercury known as " Corro- 
sive Sublimate" is used. This salt is a very violent 
poison. 

Chloride of Tin. 

Formula, Sn«Cl* + iR^O. Molecular weight, 450. 

The commercial crystallised chloride of tin is used. 
It is dissolved in water acidulated with hydrochloric 
acid. A solution of this chloride may also be prepared 
by dissolving grain tin in hydrochloric acid with heat. 
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Protosulphate of Manganese. 

Fonnula, Mn«S«0« + 8H«0. Molecular weight, 446. 

The solution of this reagent in water, acidulated 
with sulphuric acid, should be clear and colourless, and 
should not decolorate permanganate of potassium. 

Perchloride of Iron, 

Formula, Fe*Cl«. Molecular weight, 325. 

To obtain a solution of this reagent we should treat 
metallic iron with hydrochloric acid, diluted with its 
own volume of water, taking care that the iron should 
be in excess : filter and pass a current of chlorine into 
the liquid until it is saturated ; then boil in order to get 
rid of the excess of chlorine. Or hydrated peroxide of 
iron precipitated by ammonia may be dissolved in 
hydrochloric acid. 

Sulphate of Iron and Ammonium. 

Formula^ Fe(NH*)'S*0» +16H«0. Molecular weight, 392. 

This salt is seldom to be had pure in commerce ; it is 
best to prepare it when required. Take two equal por- 
tions of dilute sulphuric acid, neutralise one with 
ammonia or the carbonate of ammonium, then add 
some drops of the acid until it reddens litmus paper ; 
heat the other portion with iron free from manganese, 
until gas has completely ceased to come off, leaving the 
metal in excess. Filter both liquors while warm, then 
pour them together and leave them to crystallise. De- 
cant the mother liquor, and then wash the crystals in a 
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little cold water, and let them dry in the air between 
sheets of filtering paper. The solution of this double 
sulphate should be limpid, and should not turn red 
immediately on the addition of sulphocyanate of potas- 
sium. 



Vin.— TEST PAPERS. 

Blue Litmus Paper, 

Digest one part of commercial litmus in six parts of 
water. Filter the deep blue liquid and divide it into 
two equal parts; into one, drop carefully some very dilute 
sulphuric acid, until the blue colour begins to show a 
tinge of red ; unite the two parts in a sufficiently large 
capsule or deep plate, and dip in some sheets of unsized 
paper ; dry the sheets where no acid vapour can reach 
them ; cut them into small strips, and preserve them in 
a wide-mouthed stoppered bottle. 

Red Litmus Paper. 

This is prepared by reddening blue litmus solution 
used for the blue paper, by adding some drops of very 
dilute sulphuric acid and soaking the strips of paper in 
that liquid, and then drying. 

Salt of Lead Paper, 

This test paper is only used in the volumetric analysis 
of zinc by sulphide of s6dium. The paper employed 
is glazed, cream-laid note-paper, or that used for visiting 
cords. 
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Remark. — Before concluding this Part, a general 
remark may be made on the most advantageous manner 
of employing the reagents just described, especially 
those which are used in solution. It is well to know 
the standard or value of dissolved matter in all such 
solutions, and our advice is to inscribe on the diiBferent 
test-bottles labels similar to that we give as an illus- 
tration with respect to chloride of barium. 

(One) Cent, cubic (contains) : 

08"^ 10 chloride barium cryst^ (Baa«+2H20) 
(corresponding to) O^^OISI of sulphur. 

„ 08'•.0328ofSO^ 

The words in brackets may be omitted as being im- 
plied. 

In this way, and with a little practice, we avoid em- 
ploying too large proportions of reagents, an excess of 
which is often far more injurious in the subsequent 
steps of analysis than is to be inferred from the mere 
waste of material. (13) 



PAKT II 



APPARATUS AND OPERATIONS. (14) 

Balances, 

An analytical balance should be sensible to less 
than a milligramme. It ought to be weU preserved 
from the fumes of the laboratory and from dust; a 
special place or room should be set apart for it, and 
it should be enclosed in a glass case. In order to avoid 




Fig 6. 

the oxidizing action of moist air, an absorbent sub- 
stance ought to be placed inside the case ; the arrange- 
ment which we consider desirable is represented in 
(fig. 5). A funnel a, containing pieces of chloride of 
calcium^ rests in the neck of a bottle, h ; as the chlo- 
ride attracts the atmospheric water, the concentrated 
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solution which is formed flows into the bottle, still 
leaving the surface of the salt exposed. After some 
time we can take out the liquid, re-obtain the dry 
chloride of calcium by evaporation, and replace it in 
the funnel. (15) 

It is most important to avoid rough or careless hand- 
ling of the balance, to remember never to place weights 
or any substance whatever on the pan or plate, until the 
apparatus be properly adjusted. Balances which have 
an arrangement to support the beam oflf the knife edges, 
and relieve it of the plates or pans, when not in use, are 
very desirable ; objects can then be left upon them, and 
oscillations which interfere with weighing are thus 
avoided. There are balances in which the beam, or at 
least, one of its arms, has a decimal division, intended 
to mark the position of the small fixed weights called 
"riders," which act on the principle of the steelyard. 
The use of the " rider " is much more convenient and 
exact than that of the weights of one, two, and five 
milligrammes. 

Weights. 

^ It is important to ascertain the accuracy of the 

weights provided. If the system of weights be exact, 

•each single weight tried, with a just and sensitive 

• balance, should balance exactly its value in subdivisions 

or smaller weights. 

Weighing. 
We should never weigh any object while warm ; in 
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that case a current of ascending air is produced whicli 
would make the object appear lighter than it really ia. 

"We should also avoid weighing objects whose tempera- 'l 

ture is much lower than that of the air of the balance- '' 

room; in this case a current of descending air is produced, ' 

and also vapour of water may condense on the object, and 
these united causes would increase the appEU-ent weight. | 

In order that bodies may attain the suitable tempera- 
ture without absorbing moisture from the air, we should 
place them in a drying bell glass. This apparatus is 
(pnply a vessel containing some chloride of calcium or 
piphuric acid intended to absorb the moisture, 
' To weigh a precipitate that cannot be calcined, we || 

must collect it on a previously weighed filter, and dry 
it at a temperature of 100° Cent. Omose a filter 
^^ fit size and well washed, place it in a stove heated to 
^■00°, and with it two watch-gl asses of the same diameter I 

^Hnich fit exactly over each other. When the drying 
^jffocesa is completed, we place the filter between the ' 

two glasses, fastening them together with a slender brass f 

chp, which has also been placed in the stove. The 
whole is left to cool in the desiccating bell-glass, and then 
weighed. When the filtering has been accomplished 
and the precipitate well washed, heat it to 100°, first in 
the funnel and then on one of the watcli-glasses. After 
complete desiccation, apply the second glass, and fasten 
both together with a clip. When all has been again 
cooled in the drying bell, weigh again, the difference in 
weight is the weight of the precipitate. (16) i, 

fcMost precipitates are weighed after calcination. This 
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operation demands certain precautions, some general, 
and some depending on the nature of the combination. 
A precipitate is never calcined until dried. The calci- 
nation is genemlly performed in a mu£9e ; the matter to 
be calcined is first placed in front of the muffle until the 
filter be carbonised, then it is placed in the muffle and 
heated to redness. Care should be taken to raise the 
temperature gradually, if the precipitate be such as will 
give off gas under the influence of heat, such as th^ oxa- 
late of calcium, and the bi-phosphate of ammonium and 
magnesium. When the precipitate is easily reduced 
(sulphate of lead, carbonate of zinc), it is necessary to 
separate the matter from the filter as much as possible, 
and to calcine each separately. 

Calcination is generally performed in small platinum 
or porcelain capsules ; the latter are only used when 
the nature of the precipitate will not permit it to be 
heated in contact with platinum. 

Having weighed the calcined precipitate, we must 
not forget to abstract from the weight found — ^that 
furnished by the ashes of the filter, determined by pre- 
vious investigations. We may allow that filters of the 
same size, made of the same paper, will always leave 
the same weight of ashes when care has been taken to 
wash them with dilute hydrochloric acid ; without this 
last precaution the paper produces a larger quantity of 
ashes after the filtration of an alkaline or neutral fluid 
than after an acid one. It is important to provide a 
number of filters, cut by a pattern, of three or four 
different sizes, to steep them for ten minutes in pure 
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bydrocWoric aciJ, diluted with double its voiume of 
water, then to replace this liquid with pure water as 
often as necessary — that is, until every traco of the 
acid has disappeared, which is ascertained by nitrate of 
eilver. After the desiccation of the filters, we should 
bum a certain number of each size, and, weighing the 
aahes, ascertain the quantity of fixed matter contained 
in each, and keep a note of it, as a constant. 

Among all the different ways of weighing there is one 
■which we must describe. It is used for ascertaining 
quantities with great accuracy. Take a tube from 
three to five inillimetres in interior diameter, and from 
15 to 20 centimetres long. Close this at one end, then 
weigh it, fill it nearly with the substance to be analysed, 
and weigh again. We know very closely the quantity 
of substance contained in the tube by subtracting the 
difference. We can then pour into the vessels prepared 
to receive it small portions of the substance in the tube, 
taking care to weigh the tube every time, so that by a 
series of subtractions we ascertain the successive quan- 
tities introduced into each vessel. This method is also 
employed when the substance has to be introduced dry 
into an apparatus with a narrow mouth ; for instance, 
into a little phial, or tube with a hall. In this case we 

lould introduce into the weighing-tube only the quan- 

ty required. 

If we are obliged to make several experiments for 
the complete analysis of a substance, we may reduce 
the number of weighings by dissolving a large quantity 

once (10 grammes, for instance), diluting the solution 
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thus obtained (having separated the insoluble residuum 
by filtration) with a known volume (500 or 1000 cubic 
cent.), and performing the operations with fractions- 
{e.g. 50 or lOOca) of the liquid measured off. (17) 

Ap'paratus for the meaaurement of Liquids. 

We should not neglect to test such apparatus, which 
are often constructed carelessly. There is occasion to 
distinguish gauged apparatus, which only serve to 
measure one certain volume or its subdivisions of liquid, 
and simply graduated apparatus, which wUl measure 
any volume whatsoever. The only gauged apparatus 
required in an industrial laboratoiy are flasks and 
tubes ; they may be gauged in two ways — either hj 
filling or by emptying ; in the first case, they should 
contain, when filled to the mark, a volume of liquid 
equal to that indicated; in the second case, they 
should produce, by emptying the liquid which has been 
poured in up to the mark, the volume indicated there ;. 
the difference is the amount of liquid adhering to the 
sides. There are vessels with two marks, one lower,, 
corresponding to gauging by filling ; the other higher, 
corresponding to gauging by emptying. The apparatus 
with the two marks are certainly to be preferred. 

The gi'aduated apparatus employed are jars, cylin- 
ders, or tubes (usually called burettes). The most 
simple and convenient are htrettes Apince — that is to 
say, graduated tubes with a narrow neck at bottom 
and an india-rubber short tube, capable of being closed 
instantly, by a spring clip of wire. 
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^B They should always be graduated by emptying, Tlio 
^Beontrul of the graduation of all these vessels is by weight. 
"We must determine the weight of the quantity of water 
at 16° Cent., which the space between two marks contains, 
and that of the quantity of water which will exactly 
fill the ajiparatus. Knowing this weight, wo can easily 
tell the weight of the volume, remembering that a litre 
of distilled water at 16° Cent, weighs 999 grammes. (18) 
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FiUei-iiig. 
This is one of tho most frequent operations ; it is 
often long and wearisome, and endeavours to diminish 
I its duration have, therefore, been attempted, Tho 

i rapidity with which a liquid filters depends, all 
circumstances being the same, on the difference of 
pressure exerted on each side of the filtering 
paper. It is evident, theo, that filtration can be 
hastened or retarded by increasing nr diminishing 
this difference — i.e., by acting upon either side of the 
filter. It would be difficult to increase the pressure on 
■the upper side, but it can easily be diminished on 
the lower side. For this purpose the funnel should be 
attached to a matrass or bottle by means of a caoutchouc 
cork, furnished also with a bent glass tube. This tube, 
■with the aid of an india-rubber tube, connects the matrass 
with an air-pump. If the pressure be more than very 

I alight, the filtering paper will not sustain it ; in that 
case it should be supported by placing a cone in the 
funnel made of a thin .'^heet of platinum, twisted into a 
comet or cone. Paper will stand the pressure of a 
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metre of water, provided the orifice of the funnel 
narrow ; with a pressure of two metres it is prude 
to employ a douhle filter. 
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Various forms of air-pump have been propose 
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among which Bunsen'a pneumatic pump, with water 
current (Wasser lufipiimpe), should he placed in the 
first rank. One of us published in the Benclde der 
^utKhen Chemischen Gesellschafi, 1S70, p. 286, a 
description of an apparatus, the construction of which 
is on the same principle, but being simpler and of 
ouch smaller dimensiona, would be found far easier 
toestabJish. The force of this apparatus is sufficient 
for the greater number of cases occurring in in- 
dustiial laboratories. It consists principally of a 
tube of glass, a, in the form of a Y (fig. 6), the 
lower part being in communication with a bent 
tube, b. One of the side branches communicates 
*ith a reservoir or conduit of water, and the other 
Wth the vessel intended to leceive the filtered liquid. 
On the tube uniting the apparatus to the vessel holding 
the funnel is a small flask {fiacon laveuv), which regu- 
lates the working of the machine. The apparatus 
deferred to in Note 14 renders any other needless. 

Drying or Desiccating Stoves. 
Various kinds of stoves are used for desiccation 
Recording to the temperature required; some have a 
double bottom and sides intended to receive liquids 
Ifbich boil at various temperatures ; in general, water 
is used, and in this case the temperature of the stove 
never exceeds 100° Cent, ; others have single walls, ■ 
and are called air-stoves, and heated directly. With 
the latter we can obtain a variety of temperatures more 
«r less elevated. A stove with a double wall consists 
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of a rectangular box of red copper, furnished with 
double walls on five of its surfaces ; the front surface 
has a door with a small opening at the bottom for the 
circulation of the air ; the upper surface has two 
tubular openings, one penetrating both walls and in* 
tended to hold a thermometer; the other communi- 
cating only with the outer chamber for the purpose of 
pouring in the liquid to be heated between the w:alls. 

The form of the air-stove is precisely the same, but all 
its sides are formed of a single wall, and its upper sur* 
face is furnished with onj^one central ppening intended 
to hold a thermometer. 

These, stoves on a small scale are usually made of 
copper. The steam drying-stove of glass referred to in 
Note 14? is much to be preferred. 

SandrBCtith. 

The sand-bath is formed with an iron plate or dish 
heated from beneath by a small furnace or fireplace, and 
covered above with a stratum of sand. Coarse quartz 
sand is preferable to fine bank or sea sand, as being a 
better conductor of heat, and because the latter adheres 
easily to the bottom of vessels, and in moving them 
some grains might fall from one vessel into another. 
The sand-bath should be covered by a glass case, 
divided, if possible, into two compartments, each 
communicating with a flue with a good draught. If 
the arrangement of the place permit, the stoking-door 
of the fireplace should be outside and in a room 
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adjoining the laboratory to avoid the dust produced 
by putting in coaL See Note 14. 

Water-Both. 

Among the different arrangements proposed for this 
apparattis^ we select the one represented in fig. 7 as the 
most convenient ; a is a cylindrical metal vessel in which 
glass vessels of different sizes, as required, can be placed. 
A small apparatus, b, is attached to the lower part ; this 
consists of two concentric glass tubes, the exterior 
fixed and the interior movable, in a vertical direction. 




Fig. 7. 

by means of a caoutchouc tube ; this one is open at 
both ends, but the fixed tube communicates directly 
with the interior of the cylindrical vase. Water is 
dropped gradually into the space between the two 
tubes, and in this way the vessel, a, is filled to the level 
of the upper opening of the tube c, through which the 
excess is carried off. It is evident that in proportion as 
the water evaporates, it is replaced by the supply from 
b, and that one can at will raise or lower the level of 
the water by moving the tube c. (19) 
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Apparatus made of Platinum, 

In order to preserve articles made of platinum, we 
must carefully avoid melting caustic potass, soda^ or 
the alkaline nitrates in them; we must also abstain 
from heating in them metals or their reducible oxides, 
or easily reducible salts, such as phosphates, the 
latter especially in combination with organic matter. 
We should not heat them strongly and directly over a 
charcoal fire, still less one of coke or coaL Platinum 
crucibles, &c. may be cleaned by friction with fine 
sand of rounded grains, such as sea sand usually is, 
or by melting, if necessaiy, some acid sulphate of 
potassium, in order to dissolve matter adhering to the 
surfaces. (20) 

Muffle Furnaces. 

The earthenware muffle furnaces furnished by com- 
merce, of French, German, and English make, are gene- 
rally very suitable ; but they have one inconvenience, 
the opening of the furnace intended to communicate 
with the opening of the muffle is never sufficiently large 
to allow the latter to be rightly placed. The result of 
this arrangement is, that a chink is left, through which 
the dust of the fuel may penetrate, and falsify the result of 
an analysis. It would be also an advantage to so arrange 
that the opening intended for the introduction of the 
fuel should not be at the same side as that through 
which the matter to be calcined is introduced. This 
furnace is heated either with coak or charcoal, in small 
pieces to ensure that the filling take place uniformly 
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and in a regular manner. Every time that a new muffle 
is employed, care should be taken to wipe it out well 
lest any of the loose sand detach itself from the surface 
in the course of au operation, and fall into the capsules 
or crucibles. In placing these vessels directly on the 
hottom of the muffle we incur the risk of particles from 
it or dust from the coal adhering to them ; we recommend 
the avoidance of this evil by placing them on the cover 
of a porcelain crucible, the ring of which has been 
previously broken off. (21) 

Taking of Samples for Analysis or Assay. 

It is obvious that the average composition of a 
mineral cannot he accurately known by the analysis of 
a sample taken at random. At the same time it is im- 
possible to operate upon a large quantity at once. To as- 
certain the average composition as exactly as possible, it 
is necessary to procure certain portions which, though re- 
latively small in volume, may represent the average com- 
position of the whole mass. From this reduced quantity 
the specimen for analysis is taken. To obtain this result, 
we must act according to circumstances ; if, for instance, 
e a question relative to an entire cargo of mineral, 
just arrived by sea or land, we should set aside at 
the time of unloading, according to the importance of 
the mass, or the intrinsic value of the ore, every fifth, 
tenth, or twentieth load for an especial heap, which may 
be considered to have the same composition as the 
whole mass. If the quantity thus set aside be stUl 
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large, we may do with this as we did with the whole 
cargo, and by repeating the process, reduce the quantity 
to a heap of from one half to two cubic metres in size. 

If the ore be in large blocks we must take care to 
reduce them to fragments sufficiently small to mix 
together ; selecting small portions here and there we mix 
them together again, and from this we abstract a small 
quantity, which we dry at 100° Cent., taking note of the 
loss it undergoes in the process. We then pulverise in 
a metallic mortar, and pass the powder through a sieve, 
the meshes of which are from one to two millimetres in 
diameter. When the whole has been sifted and a new 
mixture made, another fractional sample is selected, 
pulverised finely, and passed through a silk sieve. This 
is the sample for assay or analysis (prise dessai). In 
this manner we obtain a mass which represents the 
average composition of the entire one ; but in ordinary 
cases it answers lo select a certain quantity of ore from 
different places on the heap, observing the proportion 
existing between the large and small pieces, until we have 
attained the volume given above, viz., from half to two 
cubic metres in size, and then proceed as already 
described. The best test for the accuracy of the result 
is to repeat the process, analysing the two final speci- 
mens separately. If the operation be well done the 
analysis should be almost identical. (22) 
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VOLUMETRIC ANALYSIS OF IRON. 

* L — By Tiieans of Pei^manganate of Potassium, 

The process for the volumetric determination of iron 
known as the Marguerite process, from the name of 
the chemist who discovered it, is based on the following 
considerations : If to a solution of a proto or ferrous 
salt of iron, containing a suflScient quantity of free acid, 
we add a solution of permanganate of potassium, the 
protosalt of iron {ferrosum), is changed to the persalt 
\ferricwm)y taking from the permanganic acid set free 
a part of its oxygen; and causing it to pass into the state 
of a protosalt of manganese as the following equations 
show : — 

1st phase : 

K*Mn«0« +H«SO^ =K«SO^ +H«Mn«0« ; 

2nd phase : 

H«Mn«08 +7H«S0* + 5Fe«S«0« = 

Mn«S«0» +8H«0+5Fe«S»0 «. 

The salts of iron in the liquid have a very slight 
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colouring power, and that of the salt of manganese is 
almost nil, that of the permanganic acid, however, is- 
considerable ; it follows that as soon as the quantity 
of permanganic acid added to the solution of iron is^ 
sufficient to change the protosalt to the persalt,. 
a very small amount of permanganate in excess, 
will communicate to the liquid a very apparent and 
persistent rose tint, which will serve as an indica- 
tion of the end of the reaction. By knowing on one 
side the volume of the solution of permanganate em- 
ployed to produce this rose tint, and on the other the 
quantity of iron that a unit of volume (one cubic centi- 
metre) of this solution can change from a protosalt to a 
persalt, a simple multiplication will give the quantity 
of iron contained in the first state in the solution ana- 
lysed, and consequently the total amount of iron, if the 
latter be at its minimum of oxidation. 

In application we distinguish three operations: — 
1st, The preparation of the solution; 2ndly, ascer* 
taining its standard* ; 3rdly, the assay properly so 
called, 

1st. The solution of permanganate must not be either 
too concentrated, which would impair the accuracy of 
the method by changing a slight mistake in reading 
nto a serious mistake in the result, nor too dilute, 
which would be inconvenient from the necessity of 
filling the burette several times for a single assay. The 

* The standard of a solution of permaDganate is the quantity of iroa 
that a cubic centimetre of the solution corresponds to, that quantity 
being expressed in grammes. 
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degree of concentration is correct when the standard 
of the solution is comprised between 0,010 and 0,007 
which corresponds to about 5 to 5,5 grammes of crystal- 
lised permanganate to the litre of water. The solution 
is made in the following manner : — put all the perman- 
ganate to he dissolved into a matrass, add a small quan- 
tity of distilled water, and shake the vessel ; when the 
water is neai-ly saturated, filter the hquid diiectJy into 
the bottle in which it is to he preserved. The filtration 
can only be effected through asbestos or gun-cotton, be- 
cause the permanganate is decomposed by paper or 
linen. Pour more water on the saline residuum, 
shake it, and filter again. Repeat the process till all 

16 salt is dissolved ; then dilute the liquid with a 
[iiailtity of water sufficient to obtain the volume which 
corresponds with the weight of permanganate employed, 
and shake it strongly to render it perfectly homogeneous. 
We may substitute with advantage simple decantation 
for filtration. The solution of permanganate is pre- 
served in a ground stoppered bottle, or in the sort of 
Tesse! used for distilled water already described. When 
Bolntion is kept in the dark, it will not spoil quickly, 
ivided the permanganate employed be of sufficient 

irity, 

2ndly. Ascertaining the standard. — This is effected 
iron. Take a piece of this metal, clean and free &om 
;hing about 0,4 grras. ; take the weight very 

■efully. Put the iron into a matrass of 150 to 200 

ibic centimetres in size, with about 50 cubic cent, of 
^distilled water and 4 to 8 cubic cent, of pure sulphuric 
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acid ; hydrogen is evolved, and the iron is dissolved, 
producing the proto3ulphate of iron — 

As this spoils by contact with the air, it is indispens- 
able to exclude that during the process. Generally 
speaking, the hydrogen which is liberated during the 
reaction sufficiently attains this end ; but we are more 
secure by placing in the matrass, along with the iron, a 
small quantity of carbonate of sodium or potassium and 
closing the mouth with a caoutchouc stopper, pierced 
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Fig. s. 

with a slender tube, or a stopper with a valve like that 
represented by fig. 8.* 

After complete solution (which can be hastened by 
using moderate heat), we pour the liquid into a cylin- 
drical vessel, rinse out the mati-ass with distilled water, 
adding the rinsings to the liquid, and diluting still 



* Tho play of this stopper is very simple : — a is a caoutchouc 
stopper, perforated with tho glass tube hh ; c, a caoutchouc tube 
having a small longitudiual slit, d; the tube is closed at its extremity, 
c, with a stopper of glass rod. 



CHEMICAL ANALYSIS AND ASSAYING. 51 

further with cold water until we get approximately a 
total volume of ^half a litre. 

We then pour the solution which is to be standardised 
into a gi-aduated burette, with a caoutchouc clip-cock ; * 
bringing the top surface of the solution exactly to the 
zero of the graduation, and placing the vessel containing 
the solution of iron below it, and beneath that a white 
surface, a porcelain slab, a sheet of white paper, or a com- 
mon plate, we pour into it from the burette cock the per- 
manganate, first in a .little continuous stream, then 
intermittently, and finally drop by drop, taking care to 
stir it constantly with a glass rod until it turns rose- 
colour, and keeps the colour after agitation. This 
colouring is due to a slight excess of permanganate, the 
amount of which we can ascertain by dropping a little of 
the "chameleon" solution into another vessel quite 
similar to that used in the experiment, but containing, 
instead of a solution of iron, an equal volume of distilled 
water ; we note the fraction of a cubic centimetre neces- 
aary to obtain a coloration identical with that of the 
solution of iron. 

Let n be this fraction, and N the number of cubic 
centimetres employed in the first operations. N — n will 
evidently be the number of cubic centimetres employed 

• The burettes of Gay-Lussac or of Geissler are to bo recommended, 
or those provided with a glass cock. The action of the caoutchouc 
clip-cock upon the permanganate has been feared, but our experience 
prores that these fears are much exaggerated, and we recommend the 
simple burette with a caoutchouc spring clip-cock as the most con- 
Tenient and economical. The glass cocks get frequently stuck fast, oi 
arc broken by quick movements. 
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in peroxidising the quantity of iron contained in the 
liquid ; this quantity is equal to -j^nnr ^^ ^^^ weight of 
the iron wire dissolved, since the latter contains on an 
average -nnnr ^f impurities. 

The standai'd of the liquid, that is, the weight of 
iron indicated by each cubic centimetre, is then 

_ P 0,996 

A numerical example will complete what has been 
stated : Let 0,3916s" be the weight of the iron wire 
employed ; let us suppose that into the solution of 
these 3916 ten-thousandths of a gramme of iron we 
must drop, in order to obtain persistent coloration, 42,7 
cubic centimetres of the solution of permanganate, the 
standard of which we are to determine ; if we have ascer- 
tained by a comparative experiment that the colouring 
is due to an excess of 0,2cc., the number of cubic 
centimetres employed in the peroxidation will be 
42,7—0,2=42,5 ; consequently the standard sought is 

_ 0,3916 X 0, 996 __ 0,3900 _ ^....^..^ 
T = 42,7 - oX ~i2j^ 0,0091/64 + 

The standard thus obtained is to be noted down with 
the date. We should not be satisfied with one experi- 
ment, but make at least two, or even more, if the two 
first do not give sufficiently concordant results. 

It has been suggested that the double protosulphate 
of iron and ammonium (Fr. Mohr), oxalic acid (Hem- 
pel), or ferrocyanide of potassium (Gintl) may be 



CHEMICAL ANALYSIS AND ASSAYING, 



53 



substituted for the iron. Ascertaining the standard by 
means of these substances as furnished by commerce 
may occasion errors, which for the double sulphate might 
amount to 2 and 3 per cent. 

The necessity of preparing or, at all events, of 
purifying these substances rendei's their employment 
of little practical advantage in an industrial laboiutory, 
■where, in our opinion, iron is the only suitable sub- 
stance for fixing the standard. Nevertheless, we shall 
give the methods of operating wj^Ii the salt of Mohr 
and with oxalic acid. Weigh 1,5 to 2 grammes of the 
first or 0,4gr, to 0,5gr, of the second ; dissolve the 
weighed salt in distilled water, dilute the solution to 
the volume of half a litre, add some sulphuric acid, 
then drop in some solution of permanganate, until per- 
sistent colouring is obtained. With oxalic acid the 
colouring is very slow at first ; it may be accele- 
rated, without altering the results, by adding to the 
acid aolntion a small quantity of a solution of the 
protosulphate of manganese. 

The formula of the double sulphate of iron and 
ammonium is FeN^H^S^Os+eH^O ; its molecular weight 
is equal to 392, which is exactly 7 times that of iron, 
of which it consequently contains -}. Thus 



F indicating the weight of the sulphate employed, 
iJ aod « having the same signification as before. The 
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action of oxalic acid on the permanganate is repre- 
sented by the equation— r 

5H2C20* + K^Mn^Os + SH^SO* = K^SO* + 2MnS0* + 

5H2O + 10CO2. 

Compaiing this equation with that representing the 
action of protosalts of iron on permanganate, we re- 
mai-k that one molecule of oxalic acid decomposes as 
much permanganate as two of the protosalt of iron. 
The molecular weight of crystallised oxalic acid 
(H2C20*4-2H20) is 126; double the molecular weight 
of iron is 112 ; these two numbers are in the ratio of 
9 to 8. If we use a weight p'^ of crystallised oxalic 
acid to ascertain the standard, the latter will be given 
by the equation 

T - V^ 

^ " dN - n 

Permanganate of potassium is a very delicate reagent,, 
and in experimenting we must carefully avoid any 
disturbing influence, if we wish to obtain accurate 
results. We must, therefore, avoid the presence of 
hydrochloric acid and chlorides. Hydrochloric acid de- 
composes permanganic acid, producing the proto- 
chloride of manganese, water, and chlorine — 

H^Mn^O^ + 14HC1 = Mn^Cl* + SH^O + 1 OCl ; 

chlorides have the same effect in presence of sulphuric 
acid. 

This reaction goes on along with the reaction of the 
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permanganate ou tlie protosaits of haa, and so falsifies 
the result ; for the chlorine set at liherty does not act 
upon the protosaits to change them into persalta, or, at 
least, only acts partialiji'so that one easily perceives the 
otiour of the chlorine which is evolved when experi- 
intin^ under such circumstances. 
We should also avoid the presence of nitric acid, or 
ly of the nitrates, which dating the reduction of the 
porsalt of iron by ziuc might create nitrogenous com- 
binations less oxygenated than nitric acid, and possess- 
ing, like the protosaits, the power of decolouring the 
permanganate. Certain organic matters also possess 
this property; and if the substance to be analysed 
itain such, they must be got rid of by a previous 
iration, consisting in the roasting or fusion with sodic 
^bonate of potassium. The ores (carbonates) of iron 
»m coal formations {black band, &c.) contain organic 
itters. 

The zinc used for the reduction of the persaits of 
should be completely dissolved or abstracted from 
liquid before proceeding with the assay, because 
igh it does not act upon the permanganate either 
le or by the hydrogen wliich it liberates, as might 
supposed, yet it falsifies the results, by partially 
reducing the salts of iron at the same time as the per- 
manganate oxidises them. Mitscherlich is of opinion 
that the zinc should be entirely and previously dissolved, 
because occasionally that metal precipitates iron in an 
appreciable quantity. 
The solution of the substance to be assayed must 
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contain a suflScient proportion of free acid (sulphuric 
acid), "without which the permanganate is only partially 
reduced, and the liquid, being rendered turbid by the 
precipitation of a certain quantity of the peroxide of 
manganese, becomes brown ; in which case the experi- 
ment has completely failed, and must be recommenced. 
Lastly, we must take care to operate always with 
liquids which ai*e not sensibly warm, and which in all 
cases occupy approximately the same volume ; and we 
must not forget to subtract from the number of cubic 
centimetres employed the necessary volume for the ex- 
cess in colouring, and also that corresponding to the quan- 
tity of zinc used for reduction, as we shall see further on. 
Srdly. The assay is made on one gramme of material 
reduced to fine powder, in case it be an ore ; the solution 
is made by means of 4 to 6 cubic centimetres of concen- 
trated hydrochloric acid, digested for half-an-hour with 
gentle heat ; after which, if the ore be suflSciently attack- 
able by hydrochloric acid, the insoluble residue (silica and 
clay) will appear very white. If that be the case, add 5 to 
6 cubic centimetres of sulphuric acid, and heat again to 
get rid of the hydrochloric acid, the presence of which, 
as we have already said, should be avoided ; the 
chlorides are thus changed to sulphates. When the 
ore is only partially attackable by hydrochloric acid, we 
fuse it with three or four times its weight of sodic car- 
bonate of potassium in a platinum crucible, and then 
treat the fused mass with warm dilute sulphuric acid 
until completely disintegrated. We might also treat it 
with dilute hydrochloric acid, but in this case the solu- 
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tion must be evaporated to dryness after the addition of 
sulphuric acid. 

In whatever way the solution has been prepared, it 
must be diluted with cold water to obtain a volume of 
loO to 200 cubic centimetres ; we then immerse iu it a 
slip or two of zinc, to reduce the persulphate of iron to 
the protOBulphate — 

Fe=SW"+Zn=FG-S-0H2nS0'. 

This reaction is not the only one produced ; the 
excess of sulphuric acid acts in its turu upon the zinc, 
and liberates hydrogen — 

H-SO*+Zii=ZuSO'+H-. 

When the liquid ia too diluted, the reduction is slow ; 
but, on the other hand, if it he too concentrated, the 
solution of zinc ia too irregular or too rapid ; the pro- 
portion we have given may be considered a just mean 
between these two extremes. During the reduction, 
contact with the air must be avoided ; this result is 
obtained by providbg the matrass in which the opera- 
tion goes on with one of those valve-stoppers before de- 
scribed when treating of ascertaining the standard, or by 
covering it with a watch-glass. The hberated hydrogen is 
then sufficient to exclude the air from the matrass ; and 
it is thus unnecessary to use the carbonate of potassium 
or sodium, as in the other case. The hquid, which is 
at first yellow, gradually loses its colour, and wlicn this 
is complete, the reduction ia so. When we wiah to be 
■^jertain of this, pour a drop of the liquid into a small 
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quantity of the solution of sulphocyanate of potassium ; 
if no red colour be immediately produced, the reduction 
has been complete. The solution of the zinc is then 
effected by the addition of sulphuric acid, and we 
collect together the flakes of black matter floating in 
the liquid by gently shaking ; we allow these to deposit, 
and then decant into a cylindrical jar, washing the 
residuum two or three times, and adding the rinsings 
to the first liquid decanted. These operations being 
performed as rapidly as possible, we dilute with cold 
distilled water, until we get the volume used in all 
our volumetric assays, viz., about half a litre. In order 
to prepare the solution of the ore for the experiment, 
it is sufficient to add sulphuric acid, if it do not already 
contain enough. We then drop the solution of per- 
manganate from a graduated burette, with the precau- 
tions indicated with respect to the standard, until the 
persistent rose-colour appears. By the graduated scale 
of the burette, we learn the volume of the solution of 
permanganate employed, and, knowing its standard, we 
find by simple multiplication the quantity of iron con- 
tained in the weight of the substance submitted to 
examination, and consequently the value of the ore. 
The reduction previous to this analysis is effected by 
the help of zinc, as already stated ; mercantile zinc is 
generally employed, and thi"5, unfortunately, always 
contains a certain amount of iron ; although the pro- 
portion be small, we are obliged to allow for it, on 
account of the considerable weight of zinc employed and 
the erroneous results it would therefore lead to. 
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We can easily correct this error by using zinc cut 
into pieces of equal size from the same sheet, and 
determining the fraction of the cubic centimetre of per- 
manganate necessary to peroxidate the iron contained 
in one of these pieces. This fraction, or one of its 
multiples, if several pieces of zinc have been required 
for the reduction, must be subtracted from the number 
of cubic centimetres employed for the assay before con- 
verting, by calculation, this volume into the weight of 
iron sought. We must not forget also to subtract the 
excess of permanganate required to produce the colour- 
ing — an excess ascertained by the process already 
described. 



II.— BY MEANS OF PROTOCHLORIDE OF TIN. 

The protochloride (stannosum) of tin possesses the 
property of reducing the persalts of iron to the state 
of protosalts at a temperature of nearly 100°, as the 
following equation shows : — 

2Fe2Cl« -f- Sn^Cl^ = 2 Fe^CH + 2SnCl*. 

From this reaction it follows that by pouring a 
solution of protochloride of tin of known standard 
into an iron solution until the latter be completely 
reduced, we can ascertain from the volume of the 
solution of tin employed, the amount of iron in the 
condition of a persalt contained in the liquid assayed. 
In order to fix the completion* of the reaction, it has 
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been proposed to add to the liquid a few drops of the 
sulphocyanate of potassium, which produces a deep 
red colour with persalts of iron ; but the sulpho- 
cyanate being itself a reducing agent, under the 
conditions in which it is necessary here to operate, 
its presence as an indicator might interfere with exact 
results. 

To avoid this it is necessary to slightly complicate 
the process by proceeding as follows: — Pour into the 
solution of iron such a quantity of protochloride of 
tin as is sufficient completely to dissipate the yellow 
colour of the persalts, which in an acid solution, when 
heated, is very intense. To obtain this result we 
generally must add a slight excess of the reagent ; 
this excess is determined by means of a solution of 
iodine, which saturates the tin, and the least excess of 
which is ascertainable by starch, which becomes of a 
deep blue. 

The probable reaction between the protochloride and 
the iodine is either 

Sn*Cl* + 41 = SnCl* + Snl% 
or 

Sn«Cn + 41 = 2SnCM^ 

As the solution of the protochloride of tin alters 
very rapidly, it is necessary to ascertain its standard 
before each series of experiments is undertaken ; this is 
easily done by ascertaining the number of cubic cen- 
timetres necessary for the reduction of a given quantity 
of a standard solution of perchloride given. 
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^^B Wc have, therefore, three solutions to prepare : — 

^^K 1st. A solutioQ of the pvotochloride of tiu ; 

^H 2dJ. a solution of iodine ; 

^^& 3rd. A solution of the percTiloride of iron. 

^B The last only requires to he standardised ; it is of 
suitable concentration when it contains 0,01 grain 
of iron for each cuhic centimetre of volume. This 

t particular standard has, moreover, the advantage of 
amplifying further calculations. 
In order to ohtain thia solution in the easiest 
manner, dissolve an ascertained weight of pure iron in 
hydrochloric acid, add to this solution the quantity 
of chlorate of potassium required to change the pro- 
tochloride into the perehloiide of iron, and boil until 
free chlorine is completely expelled, then add of 
water sufficient to make the number of cubic centi- 
metres correspond with the number of centigrarfimes 
contained in the weight of pure iron. In our calculation 

»we must not forget that, as before stated, the purest com- 
mercial iron contains on an average only 0,996 of iron. 
In default of metallic iron we may employ any 
Bolution of the perehloride of iron, determine its exact 
standard, and dilute with the requisite quantity of dis- 

t tilled water. 
The solution of tin is prepared by dissolving JO to 
20 grammes of crystallised protochloride of tin in 
a litre of distilled water, strongly acidulated with hy- 
drochloric acid. We may also obtain a suitable solu- 
tion by dissolving 5 to 10 grammes of grain tin in 
^M hydrochloric acid with heat, and dduting the solution 
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to about a litre in volume. Filter, if necessary, in 
order to obtain a perfectly limpid solution, and preser\'e 
in a ground stoppered bottle. 

The solution of iodine is made by dissolving about 
5 grammes in a litre of distilled water; if tbe solu- 
bility of the iodine in water be too small for this pro- 
portion, we can increase its solubility by adding a small 
amount of iodide of potassium. 

We should also prepare a dilute solution of starch 
by boiling a small quantity of starch with water. 

The progress of the operation is as follows : — 

1st. Determine the relation between the solution of 
tin and the solution of iodine ; for this purpose take one 
or two cubic centimetres of the first, drop in from a glass 
three or four drops of starch solution, then add, if it be 
not already very acid, one or two cubic centimetres of hy- 
drochloric acid diluted with its volume of water ; then 
pour in from a graduated burette the solution of iodine 
until the appearance of the blue colour; note the 
number of cubic centimetres employed to reach this 
point, which shows that the reaction has-been com- 
pleted. 

2nd. Determine the quantity of solution of tin 
necessary to reduce a known weight of iran. This is 
<loDe in the following manner: — Take ten cubic centi- 
metres of the solution of iron containing 0,1 gi*ms. 
of iron, add 10 cubic centimetres of dilute hydro- 
chloric acid, heat the whole in a matrass to ebullition. 
Then pour in slowly from a graduated burette some 
solution of tin until the disappearance of the yel- 
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low colour ; cool by agitating tlio matrass in cold water, 
ome drops of starch solution, and detenniiie 

tite quantity of solution of iodine necessary to saturat-e 
cess of cbloride of tin which has been used. The 

latter is calculated by means of the proportion funiisheil 
y the first operation, havins: rtgard to the number of 

cubic centimetres employed, 
Srd. We now proceed to the assay properly so called. 

for this purpose dissolve a gramme of the material to 
assayed in a small matrass with hydrochloric acid, 

convert all the iron into the state of perchloridu by 
the addition of a small quantity of chlorate of po- 
tassium, and boil to get rid of the free chlorine. Pour 
pome solution of tin into the boiling liquid until the 
fccduction be complete, without which it would lie 
ilecessary to separate the insoluble matter by filtration. 
Knally we determine the exces,s of the chloride of tin 
■jy the method already described with the solution of 
Bodine. Ey comparing the number of cubic centi- 
feietres of the chloride of tin employed for the opera- 
ffion with that required for the reduction of 0,1 grnis. 
pf iron, we calculate the quantity of this metal contained 
on the substance assayed- Thus, for example — 
I To a cubic centimetre of the solution of the proto- 
Rihloride of tin, acidulated with hydi'ocbloric acid, 
pre have added starch and poured in solution of iron ; 
pl,4i cubic centimetres of the latter was required to 
|bl)tain the blue colour. We then took 10 cubic centi- 
ftietres of the standard solution of iron, poured into it 
H9,2cc. of the solution of tin, and then 0,7cc. of the solu- 
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tion of iodine. These 0,7cc. of iodine correspond, accord- 
ing to the first experiment, to 0,5cc. of chloride of tin ; the 
volume of the latter required for the reduction of 0,1 grms. 
of iron was therefore 18,7cc. Again, having dissolved 
one gramme of the iron ore with the prescribed care, 
and having allowed fbr the excess of the chloride 
indicated by the iodine, we found that 42,3cc. of the 
solution of tin was required to obtain the complete 
reduction. 

The proportion 18,7: 0,1 *: 42,3 : x, gives the 
quantity of iron contained in one gramme of the ore ; 
this is— 

The ore contains, therefore, 2,2673 per cent, of iron. (23) 



PART IV. 



ANALYSIS OF IRON ORES. 

Iron ores may contain, in addition to the oxides of 
iron, water, carbonic anhydride, organic matters, silica, 
alumina, lime, magnesia, phosphoric acid, sulphur, 
arsenic, zinc, lead, and manganese, in various degrees of 
oxidation. In rare cases they may also contain other 
matters ; we shall limit our description to the processes 
requisite for the quantitative analysis of the elements 
which enter into the composition of ordinary ores, 
referring for special cases to larger analytical treatises. 

Before commencing the analysis of an ore, it is very 
important to know whether it contains manganese or 
not ; in fact, the process to be pursued in each case is 
diflferent, dependent upon this. 

We can quickly ascertain the presence of this metal 
by fusing the ore with two or three times its weight of 
carbonate of potassium ; the fused mass assumes a green 
colour, more or less dark, according to the amount of 
manganese. The blow-pipe will usually suffice for 

this. 

V 
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I.— ORES NOT CONTAINING MANGANESE. 

The analysis of these ores is conducted as if they 
only contained silica, alumina, peroxide of iron, lime, 
and magnesia; the determination of other substances 
is made with special experimental specimens, either 
to facilitate the operations generally, or because the 
proportion of such substances is so small»that to ascer- 
tain the amount with any degree of accuracy it is 
necessary to operate with quantities relatively large. 

Weigh a gramme of ore, and if it . contain organic 
matter, the presence of which might be inconvenient 
in the course of the operation, destroy it by roasting or 
still better by fusion with three to four parts of sodic 
carbonate of potassium, and half a part of saltpetre. 
When we operate by roasting, a second weighing of the 
specimen gives directly the loss sustained by the pro- 
cess. This loss is generally ascertained with a special 
portion because calcining renders mineral ores more 
refractory to the action of acids. It is to avoid this 
inconvenience that we prefer generally to destroy 
organic matter by fusion. 

When it is unnecessary to have recourse either to 
roasting or fusion, we pour some cubic centimetres of 
hydrochloric acid upon the ore, and heat gently in a 
closed flask ; when the acid has acted for a little time 
we add a little nitric acid, the object of which is to 
facilitate the solution and to transfoiin any protosalts 
of iron present into persalts. After digesting for half 
an hour or an hour, the insoluble remainder ought to 
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ar either as a gelatinous mass or a white powder, 

t most a little gi-eyieh. When neither of these resiilts 

KillowE, the ore is refractory to the action of acids, and 

t ia necessary to fuse it with the alkahne carhouates. 

1 this case we melt a gramme of the auhstance with 

pur to five grammes of eodic carbonate of potassium 

1 a platinum crucible, covered to avoid the spirting 

mm the liberation of carbonic anhydride, expelled by 

p3e silicic acid. We raise the temperature gradually 

D a red heat, and keep it at or above this point till the 

uts is in tranquil fusion ; then cool it rapidly. After 

wling, the crucible and cover are placed in a deep 

lieh of Berlin porcelain, containing enough water to 

lover them both. We then heat, taking care to keep 

B water below ebullition, and to add in succession 

mall quantities of hydrochloric acid, until the 

sed mass is completely disintegrated. We must 

bUow exactly the same plan if the object of the fusion 

1 been merely the destruction of contained organic 

latter. The sohition of an ore incompletely soluble 

d acids may he effected by submitting it first to the 

"action of hydrochloric acid only; when this action 

has ceased dilute the liquid with at lea.st its own 

volume of water, that it may not attack the filtering 

T ; filter and wash the residuum, dry it in the filter, 

roast both together. Add to the product of the 

isting and in the platinum crucible which has served 

r the operation, three to four grammes of sodic car- 

MQCite of potassium, stir the whole well with a pla- 

laum wire or glass rod, and fuse the mixture, and 
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after fusion heat it in the manner and with the same 
precautions we have indicated with the acid and hot 
liquid obtained by filtration after the first reaction, 
and which in this case is substituted for pure acidu- 
lated water. 

The acid solution of the ore obtained by either 
method is carefully evaporated to dryness in the water 
bath in a porcelain capsule, by which the silica is 
rendered insoluble in acida The residue of the evapo- 
ration is well moistened with concentrated hydrochloric 
acid, and then treated with hot water, until it is com- 
pletely disintegrated, a process which may be hastened by 
gently crushing it with a perfectly smooth agate pestle. 
We wash the insoluble residuum by two or three decan- 
tations, and finally throwing it on the same filter 
employed for filtering the washing waters, we con- 
tinue to wash it with boiling water, to which we 
add at the commencement a little hydrochloric acid. 
The insoluble matter is first dried, then roasted, and 
finally let cool under the drying bell. If in drying the 
edges of the filter turn yellow, it is an indication that 
the washing has not been sufficient, and in this case we 
should recommence the- analysis. If we have made 
use of the alkaline carbonates in order to make the 
ore soluble, the silica after roasting should be perfectly 
white, and should crumble into powder ; but if the ore 
have been simply treated with acids, aluminous matter 
may be mixed with the silica, and in this case the latter 
is not so white, and is more or less coherent. Fusion 
with 'the alkalies is, therefore, indispensable if we 
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quire to know exactly the amount of silica and 
Umina whicli enter into the composition of the ore. 
In the liquid separated from the sihca by filtration 
i can precipitate alumina and peroxide of iron by 
slight excess of ammonia,* the ammoniacal liquid 
I heated till the precipitate he well reduced in bulk ; 
3 precipitate contains, in addition to alumina and 
BTOxide of iron, phosphoric acid, when operating with 
loaphoric ores. We must filter rapidly to prevent 
e ammonia absorbing carbonic acid from the air, and 
ash the precipitate in warm water, first by decanta- 
on, and then on the fiiter, until a drop of the waah- 
i^ filtered through, and gently evaporated on a 
eet of platinum by a Bunsen burner or spirit-lamp, 
no residuum. When the precipitate is well 
Bshed it is dried, roasted, and weighed, and from its 
eight we deduce that of the alumina ; this is done by 
tbtracting from the total weight that of the peroxide 
iron, which is to be obtained by a volumetric assay, 
id the weight of the phosphoric acid furnished by an 
pecial assay for the same. The liquid from which the 
roxide of iron and the alumina have been withdrawn 
w contains lime and magnesia ; to separate these two 
fies, and ascertain their amounts, we must precipitate 
B lime by means of oxalate of ammonium, of which 
e add an excess, in order to maintain the solution in 

Thia re^jflnt should be free from carTionate to avoid precipitating 
1. This condition is imporUint, for magnesia and liiue, which aie 
hXly precipituted along with oxide of iron even when the ammonia ia 
!, would be much more so if tlie uDtmonia were paitiiLlly caibonated. 
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the state of a double oxalate, the oxalate of magnesia 
being but slightly soluble. 

It is advisable to efifect the precipitation of the oxalate 
of calcium from a warm solution, and to allow twelve- 
hours for the formation and deposition of the precipitate/ 
After this lapse of time we pour the clear solution on a 
filter, and cause the precipitate to collect on it by- 
means of a jet of warm water ; if some of the preci- 
pitated oxalate adhere to the sides of the precipitating 
vessel, it is necessary to redissolve it with a drop of 
nitric acid, and precipitate it again with ammonia. 
We add this second precipitate to the first, and subject 
the whole to the washing process. To obtain the 
weight, we calcine the oxalate by heating it progres- 
sively to clear redness, maintaining this temperature 
for a quarter of an hour ; by this treatment it is first 
changed into the carbonate, and at last into anhy- 
drous or caustic lime; it is cooled under the drying 
bell, and when cold it is weighed as rapidly a& 
possible to prevent its absorption of moisture and 
carbonic acid from the air. After weighing, we can 
ascertain its complete transformation into lime by 
pouring on the precipitate as much water as will 
cover it, and adding a drop of hydrochloric acid. If 
the decomposition is complete, there should not ba 
the least liberation of gas. If we find that the calci- 
nation has been insufficient, instead of repeating the 
experiment, we can weigh the lime as a sulphate ; for 
this, purpose pour into the crucible some drops of 
sulphuric acid, evaporate with care to dryness, calcine 
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at a low red heat, and weigh after cooling in the drying 
beli. 

The standard sohitiou made use of in the volumetric 
assay of ii-on, viz., that of permanganate of potassium, 
raay very well he employed also for the volumetric 
aasay of lime. This assay is made in the following 
manner : — Re-dissolve on the filter the well-washed 
precipitate of oxalate of calcium in the least possible 
quantity of ehghtly diluted hydrochlonc acid, wash the 
filter, and, adding to the liquiti a little solution of proto- 
sulphate of manganese and sulphuric acid, pour in some 
solution of permanganate (with the same precautions 
as indicated for the determination of iron), until the 
appearance of a ehght persistent rose-colour. The quan- 
tity of lime indicated by one volume of the standard solu- 
tion is exactly equal to half the quantity of iron corre- 
wnding to the same volume. The reaction of the 
inganate on the oxalate of calcium in presence of an 
faeesa of acid, is represented by the foUowing equation ; — 

ICaC'O* + 2KMnO= + SH^SO^ = 
;0CO* -1- K'SO^ + 2MnS0* + 5CaS0* -f- SH'O. 

llie addition of tlie protosulphate of manganese to 
the liquid is intended to hasten the action of the per- 
manganate, and admit of the operation being performed 
cold, which, in addition to the fact that the liquid contains 
hydi'ochloric acid, make this in di.'^pen sable. To obtain 
the quantity of magnesia, add to the liquid separated 

t filtration from the oxalate of calcium the third of 
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its volume of ammonia, then an excess of phosphate 
of sodium ; stir well and leave at rest in a covered 
vessel from twelve to twenty-four hours. The^ precipi- 
tate should be made in a perfectly unscratched glass 
jar, and in stirring the liquid care should be taken not to 
touch the sides of the vessel with the glass rod ; otherwise 
portions of the crystalline precipitate of the double 
phosphate of ammonium and magnesium which is formed 
would adhere to the sides of the jar, so as to be difficult 
to detach ; should this be the case we must redissolve 
with hydrochloric acid and precipitate with ammonia. 

The precipitate is thrown on a filter, washed with 
cold water containing the third of its volume of 
ammonia, then dried, calcined, and weighed. In cal- 
cining it loses ammonia and water, and is changed into 
the pjrrophosphate of magnesium — (24) 

2Mg(NH^)P0^ = H^O + Mg^P^O^ + 2NH» 

If we calcine the double phosphate too rapidly, the 
resulting mass is compact, often grey and even black in 
jhe interior. According to Rose, this results from the 
presence in the precipitate of small filaments of the 
filter or other organic matters, the carbonisation of 
which occurred before the liberation of the ammonia. 
To avoid this, we should raise the temperature slowly to 
redness ; in this way the precipitate becomes pulveru- 
lent, and the organic matters are completely burned 
away. 

Instead of determining the oxide of iron volume- 
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Eally, and the alumina by difference as vre have 
:ribed, we may determine the amount of each by 
■weighing, alumina being soluble in a solution of caus- 
tic potass, a property whicli oxide of iron does not 
possess. The precipitate obtained by ammonia b re- 
dissolved on the filter with the least possible volume of 
hydrochloric acid ; this solution is then dropped into a 
moderately concentrated solution of caustic potass, and 
heated to boiling in a porcelain dish. We must take 
care to stir constantly while mixing the two Uquids. 

Ko avoid using too large a quantity of caustic potass, 
hich, when pure, ia an expensive reagent, we may 
reviously saturate the most of the excess of acid used 
for the solution of the iron and alumina with carbonate 
of potassium or of sodium. After treating the Uqnid with ■ 
the caustic potass, we proceed to filtration, taking care 
B dilute the alkaline solution with enough water, that 
1 not corrode the filter ; in this manner the in- 
bluble oxide of iron is separated. The alumina is again 
cipitated with ammonia, or still better with the 
^drosulphide or the carbonate of ammonium, after the 
[iiid has been slightly acidulated with hydrocliloric 
did. When the alumina has been thus precipitated, it 
b thrown upon a filter, washed carefully, dried and 
Mglied after calcination. 

I The peroxide of iron left on the filter cannot be 
rectly weighed ; it always retains, notwithstanding 
the washing, a certain amount of alkali ; to get rid of 
this it is dissolved in hydrochloric acid, and precipitated 
jain, the solution being hot, with ammonia. The 
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oxide thus obtained is filtered out, washed, dried, cal- 
cined, and weighed. 



II.— ORES CONTAINING MANGANESE. 

Several methods may be employed for analysing 
these ores. All those which we shall refer to may be 
described generally as follows : the ore is first treated 
with acids, either directly, or after fusion with the alka- 
line carbonates ; the solution being separated by filtra- 
tion from the silica, is deprived of precipitable metals,, 
when present, such as copper and arsenic, by treatment 
with hydrosulphuric acid, then boiled with an excess of 
hydrochloric acid and a little nitric acid, or, better, 
with chlorate of potassium ; the boiling is continued as 
long as there is any liberation of chlorine; in this 
manner all the manganese is changed into a protosalt 
of manganese, and the iron into the persalt of iron, 
which is indispensable for the carrying on of the re- 
maining steps. These consist : 

1st. In the treatment of the solution so as to obtain, 
on the one hand, a precipitate containing the peroxide 
of iron, alumina and phosphoric acid, and, on the other, 
a solution containing the manganese, lime, and mag- 
nesia. 

2ndly. The treatment of the precipitate. 

3rdly. The separation of the manganese and then the 
lime from the magnesia, and the determination of these 
bodies. 
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^aiution of the Peroxide of Iron, AlumwM, and 
PhoBphoric Add from the Manganese, the Lime, and 
the Magnesia. 

Fimt Method ,- by Ammonia. 

The liquid containing the different oxides in solution 
tt^ther with free hydrochloric acid is boiled, and chloride 
of ammonium ia added, and then gradually an excess of 
ammonia, taking care not to pour in too much at once, 
that it may not arrest the boiling. The steam and 
ammonia which are liberated together prevent contact 
with the air, which must be excluded, in order to avoid 
the precipitation of the manganese ; this, in contact 
with oxygen, would be deposited as peroxide of man- 
ganese. Continue to boil the liquid until the smell of 
L ammonia is gone, replacing, from time to time, the 
lwat«r evaporated with boiling distilled water ; then 
feeparate rapidly, by filtration, the precipitate formed of 
Uie oxides of iron and aluminium, carrying down with 
p^em the phosphoric acid ; the manganese remains in 
the solution with the lime and magnesia. The separa- 
tion is complete in one operation, if the proportion of 
manganese be small, and if the operation have been 
carefully performed, otherwise a portion of the man- 
ganese remains with the oxide of ii-on and the alumina. 
In this case, it is necessary to filter the precipitate, to 
V trash it, in order to get rid of the gi'eater part of the 
■ soluble matter, and then to dissolve it in hydrochloric 
acid. Having boiled the .solution, we add ammonia ; I 
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that is to say, we repeat the process employed with the 
first solution. The precipitate obtaiDed is this time 
very free from manganese ; the solution, when filtered, 
is added to that obtained at first. 

Second Method : by the Alkaline Acetates, 

The solution of the ore, when deprived of silica, is 
neutralised as exactly as possible by carbonate of sodium 
or ammonium ; this has been eflfected when the liquid 
assumes a deep red tint. We must be cautious that no 
precipitate takes place ; but, if one should unfortunately 
form, we must re-dissolve it by means of a few drops of 
hydrochloric acid with the aid of heat. Saturation being 
attained, we add to the liquid thus prepared an excess 
of the neutral acetate of sodium or ammonium, then 
boil until the precipitate which is formed collects and 
deposits readily as soon as ebullition has ceased. The 
precipitate contains the peroxides of iron and aluminium 
in the state of basic acetates and phosphates ; it is 
washed in boiling water first by decantation> then on 
the filter, on which it is placed in order to separate it 
from the solution, in which the manganese, lime, and 
magnesia are contained. We make sure that the sepa- 
ration is complete by re-dissolving the precipitate in 
hydrochloric acid, and submitting the solution to the 
same process a second time. 

Third Method : by the Alkaline Succinates, 
Neutralise accurately the solution of the ore, in the 
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^^MDie way as already described ; we may even precipi- 
^^Kte a little of the peroxide of iron, provided the liquid 
^^Keep its deep red colour, which shows that the greater 
portion is still in solution ; to the liquid thus neutralised 
add a perfectly neutral solution of succinate of ammo- 
nium or of sodium, and then boil ; succinates of iron and 
aluminium, mixed with phosphates, are deposited, 
Jlow the liquid to settle, then filter, and wash the pre- 
^itate in cold water. Exact neutralisation is the 
sential point of this method; to obtain complete 
ration, it is indispensable to submit the precipitate 
El repetition of the process. (2-5) 

Foutih Method : by Carbonate of Barium. 
I The solution of the ore is saturated with carbonate 
S sodium till very little free acid remain ; add then an 
Ecess of cai'bonate of barium, stir well, and let it act 
i for 20 to 30 minutea, taking care to stir the liquid 
pequently. Separate the precipitate by filtration, 
s contains the peroxide of iron, phosphoric acid, and 
jumina, combined with the excess of carbonate em- 
Wash with cold water; the filtered liquid 
mtaina, in addition to manganese, lime and magnesia, 
»Balt of barium, produced by the reaction. 



Kitinent of the Precipitate containing the Perox-ide 
of Iron, Altimina, and Phosphoric Acid. 
L If we have operated in accordance with the first 
lethod, we may proceed to calcine the precipitate ; and 
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if we know, by volumetric assay, the weight of the per- 
oxide of iron, and, by a special experiment, the weight 
of the phosphoric acid which it contains, we can infer 
the weight of the alumina. We may also re-dissolve it 
on the filter, and separate the oxide of iron from the 
alumina, by means of an excess of potass, as already 
indicated in describing the analysis of ores free of man- 
ganese. If, operating by the second and third methods, 
we have exclusively used ammoniacal compounds to 
obtain neutralisation and precipitation, we may also 
directly calcine the precipitate, taking care to allow a 
cuiTent of air in order to avoid the ' reducing action of 
the organic acids. But if neutralisation has been 
effected by means of carbonate of sodium or of potas- 
sium, or again, if we have made use of the acetate or 
succinate of sodium, it is to be apprehended that the 
oxides have retained alkaline salts, however carefully 
the washing may have been performed. In this case, 
we must re-dissolve the still moist precipitate in the 
least possible amount of hydrochloric acid, and precipi- 
tate it again with ammonia, or else treat the solution 
with an excess of potass, in order to sepamte the 
alumina from the oxide of iron. (26) 

The carbonate of barium employed in the fourth 
method renders the operation a little longer. The pre- 
cipitate is re-dissolved on the filter by means of dilute 
hydrochloric acid ; the filter is then washed with warm 
water, slightly acidulated with the same acid, and the 
filtrate is diluted ; after boiling, the baryta is precipi- 
tated with dilute sulphuric acid. Let it stand, sepa- 
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rate the sulphate of barium by filtratioa, and then 
precipitate the oxides of iron and alumina and the phos- 
Mthoric acid tliey bring with them, by the aid of ammo- 
Filter, wash the precipitate, and calcine. If the 
e were sulphurous, with the oxides and the carbonate 
f barium of the firat precipitate, there would also be a 
mall quantity of the sulphate of barium, which would 
wt, however, interfere with the rest of the operation. (27) 



treatment of the Liquid containing Manganese, Lime, 
and Magnesia. 
If we have used carbonate of barium for the precipi- 
tation of the iron, the liquid will also contain a salt of 
barium ; in this case, before submitting the liquid to 
. eithei' of the following processes, we must get rid of the 
aiyta by means of dilute sulphuric acid. 

I First Method: by Hydrosulphide of Aramonlum. 

The dear, colouriess liquid is poured iuto a conical 
KOr silver assayer's) matrass and heated ahghtly; add 
Fehloride of ammonium, if it do not already contain 
rthat, in consequence of the employment of ammonia or 
I •& salt of ammonium for the precipitation of the iron ; 
then precipitate the manganese with the hydrosulphide 
of ammonium. The addition of chloride of ammonium 

tis intended to assist in the precipitation of the suiphuret 
of manganese. If the separation of the iron has been 
Well effected, the precipitate should be of a very clear 
roso-coloLir ; the least trace of iron left in the solution is 
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attended with a grey tint, more or less deep, or even 
with blackness, if the proportion of iron be considerable. 
After precipitation, close the matrass with a cork or 
a watch-glass, and let it stand for twelve hours in a 
warm place.* It happens sometimes that during this 
period the precipitate assumes a greenish tint; this 
change may be accounted for by the fact that the sul- 
phuret of manganese, which is hydrated at the moment 
of precipitation, loses some of its water of hydration 
after a more or less extended period. 

The filtration and washing of the precipitate must 
be effected with certain precautions. Filter off the 
clear liquid from the precipitate, and add the latter 
to an aqueous solution of chloride of ammonium, to 
which some drops of the hydrosulphide have been 
added ; let it settle for a while, decant again upon the 
same filter, and add the filtrate to the solution first 
decanted; repeat the washings several times, then, 
having collected all the precipitate on the filter, wash 
it with distilled water containing a little of the hydro- 
sulphide and chloride of ammonium ; diminish the 
amount of the latter as the washing proceeds, and 
towards the end of the washing suppress it entirely. 
We must take care that during the washing the pre- 
cipitate be not too long in contact with the atmospheric 
air, in order to avoid a small quantity of the sulphuret 
of manganese becoming oxidised and changing into the 
protosulphate, which, being soluble, would be carried 

* This prolonged repose is necessary for the complete precipitation 
of the manganese. 
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over ID the filtration. The addition of the hydrosulphide 
of annuonium is to prevent this oxidation. Neverthe- 
less, we should take care to keep the filter constantly 
nearly full, and to cover the funnel with a glass plate. 
The funnel must be lai^e enough, and have a ground 
edge. I 

The first of the filtered liquid is generally somewhat 
turbid ; in this case, we should filter until the liquid 
Hows clear, and then change the jar which receives it, 
and throw back the turbid portion upon the filter. The 
washing being ended, dry the precipitate, and calcine it 
with the precautions indicated already, or else treat the 
precipitate aud the filter with dilute hydrochloric acid, 
avoiding an excess ; the sulphiiret of manganese is 
ctanged into the soluble chloride, and hydrosulphuric 
acid liberated. Heat until the latter has been com- 
pletely driven off, and filter to get rid of the matter 
(sulphur and fibres of paper) in suspension. Add to the 
filtered and boiling liquid some carbonate of sodium, in 
very small quantities at a time, to avoid effervescence 
arising from the liberation of the carbonic anhydride, 
until, by means of strips of reddened litmus paper, we 
ascertain that the liquid has acquired an alkaline reac- 
tion ; then leave the precipitate of protoearbonate of 
manganese to settle. After two or three washings by 
decantation with hot water, throw it on a filter and 
continue the washing ; this effected, dry the carbonate, 
calcine it strongly in contact with the air, and then 
weigh. By calcination the carbonate or sulphide, by 
■ the action of the oxygen of the air, is converted into 
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the intermediate oxide of manganese (manganoso- 
^manganiqtie). 

The liquid deprived of the manganese sulphide 
heing heated to boiling, pour in nitric or hydrochloric 
acid in small proportions at a time until the complete 
decomposition of the hydrosulphide of ammonium 
(which we ascertain by the smell), filter the liquid to 
separate the sulphur deposited, neutralise with a little 
ammonia, separate the lime and magnesia according to 
the method indicated already, precipitate the first with 
oxalate of ammonium, and the second with phosphate of 
sodium, in the presence of a large proportion of free 
ammonia ; the liquid contains, as a result of the pro- 
cess, the necessary amount of chloride of ammonium. 

Second Method: with Chlorine Gas. 

To the clear, neutral, and sufficiently diluted solution 
containing manganese, lime, and magnesia, add (if there 
be not already sufficient present) some acetate of 
sodium, raise to a temperature of from 50° to 60° 
Cent., then pass through it to saturation a current of 
washed chlorine gas. The manganese is partly pre- 
cipitated in the state of hydrated peroxide; when the 
liquid is saturated with chlorine, add an excess of am- 
monia to ensure the complete precipitation of the 
manganese ; boil the liquid until the free ammonia has 
completely disappeared. Filter and wash the preci- 
pitate, and as it retains akaline salts, which during 
the calcination would occasion the transformation of 
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some of the oxide of manganese into manganic acid, 
are-dissolve it in boiling hydrochloric acid, and preci- 
pitate the liquid thus obtained with carbonate of 
sodium, as indicated in the preceding method.* 
The lime and magnesia remaining in the liquid are 
treated in the usual way. 

Rose does not recommend this method, if, SlH is most 
generally the case, the solution contain salts of ammo- 
nium ; he apprehends the fonnation of chloride of 
nitrogen, a most formidable explosive compound. We 
have never observed this, and are of opinion that 
chloride of nitrogen, being a combination which de- 
composes easily in contact with a number of foreign 
bodies, is not likely to remain if it be formed in the 
present instance. Instead of a cuiTent of chlorine gas, 
may employ water saturated with chlorine. 



Third MetJiod : wiHL Bromine. 



Properly speaking, this is only a modification of the 

Bceding method : the cold liquid sepai-ated from the 

peroxides of Iron, &c., is rendered veiy alkalme with 

■ammonia; some drops of bromine are added, or BtUI 

r^jetter, a certain quantity of bromine water, and it is 

I to rest for twenty-four hours in a corked matrass. 

r this time, if the Uquid contain free bromine, add 

monia, heat and filter ; wash the precipitate, and if 

s always an advantage in operating witli luangnneae to malte 
e of its completu iircpijiitation by mtans of the liydroaiilphiJo cf 
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there be no salt with alkaline base present, we may 
directly calcine the peroxide of manganese, in order to 
transform it into the intermediate oxide {manganoso- 
Tnctnganiqiie) ; if alkaline salts be present, we must 
re-dissolve it with hot hydrochloric acid, and precipi- 
tate it with the usual precautions, with carbonate of 
sodium. 

The carbonate of manganese thus obtained does not 
retain the alkalies with as much energy as the per- 
oxide ; we must take care to employ the carbonate of 
sodium in a^ slight an excess as possible. 

The same method as already given will serve for the* 
separation of lime and magnesia. 

Remarks. 

1st. It may happen that we only desire to ascertain! 
the amount of manganese in an ore. 

In this case it is sufficient to treat the liquid obtained 
by the action of the acids upon the ore with acetate of 
sodium, -without regarding the insoluble matter it may 
contain. After the reaction, conducted in the manner 
already described, filter, and in the liquid thus obtained, 
deprived of the peroxides of iron and aluminium, preci- 
pitate the manganese in accordance with any one of the 
methods previously described. 

2nd. When the ore contains zinc the latter is preci- 
pitated with the manganese, if we operate in accordance 
with the first method ; in this case we must subtract 
from the weight of the manganoso-manganic oxide thus^ 
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Etained tlie weight of the oxide of zinc. This is to 
found by a special assay. In the second and third 
methods the zinc remains in the solution with the lime 
and magnesia. Before precipitating these two bsises, 
we get rid of the excess of chloiine or bromine by boil- 
ing, and separate the oxide of zinc by the hydro- 
sulphide of ammonium, following precisely the process 
I tefore indicated for the precipitation of the raanga- 



ft 



3rd. We can determine thti amount of manganese 
very rapidly if the ore contain neither lime nor magne- 
sia, or contain so little that we may disregard them ; 
in this case, we treat the liquid deprived of the iron 

id alumina by means of the acetate of sodium, 
ly with the carbonate of sodium. 



-DETERMINATION OF THE LOSS BY 
CALCINATION. 

The loss of weight that an ore sustains by calcination 
B due to the evaporation of water, the liberation of 
ubonic anhydride, in consequence of the decomposi- 
ilaon of carbonates, or to tho combustion of organic 
utter. The presence in the ore of the protoxides of 
a and of manganese, or of tbe sulphides, prevents our 
isidering the loss by calcination as exactly express- 
bg the proportion of water, organic matter, and car- 
c anhydride united ; in fact the protoxide of iron. 
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passing by calcination in contact with the air, into 
peroxide, compensates by the increase of weight thus, 
induced for a part of the loss sustained by the ore 
during the operation ; the sulphides, on the other hand,, 
passing into oxides increase the loss ; the presence of 
manganese also falsifies the calculation of the loss by 
calcination. 

The operation is effected as follows : — ^Weigh in a 
small weighed capsule with a flat bottom, about two» 
grammes of very finely powdered ore, then heat the 
capsule gradually to bright redness in a muflBle ; after 
some time withdraw, cool it in the drying bell, and 
weigh. To make sure that the calcination be com- 
plete, heat again for a quarter of an hour, and repeat 
the weighing. If necessary, repeat the process several 
times, until the two last weighings agree. Generally 
speaking, it is sufficient to know the total loss produced 
by calcination, but it may be of importance to know 
the actual quantity of water and carbonic anhydride 
comprised in this loss. If so we must have recourse 
to special assays, which we shall describe. 



IV.— ASSAY FOR WATER. 

An ore may contain water, either absorbed hygro- 
ecopically or in chemical combination. We must 
ascertain separately the quantity of water in each of 
these conditions. 
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Determination of Water not in Combination. 

When an ore is too moist to be directly pulverised, 
the amount of lijgroscopic Tvater ia ascertained by two 
successive operations. Take one or two kilogrammes 
of the ore grossly powdered with the hammer, spread 
it on an iron disli or plate with raised edges in a warm 
place, the temperature of Avhich we can regulate by 
the thermometer, and which should not exceed 100° 
Cent. Stir the mass occasionally with a spatula, 
and when deemed sufficiently dry weigh again, and 
then pulverise the ore finely for further experiment. 
The ore still contains some liygroacopic water ; to 
ascertain the amount, weigh two or three grammes of 
pulverised ore in a platinum capsule with a flat bottom, 
and subject them for a sufficient time to the tem- 
perature of 100° Cent, in an oven where the air is 
constantly renewed. Then coot in the drying bell, and 
weigh again. To be certain of the accuracy of the 
result — that is to say, of the complete driving off of 
the water — it ia necessarj' to repeat the process till two 
consecutive weighings agree. In many industrial labo- 
ratories, the ore is dried until capable of being pul- 
Terised, and no account is taken of the loss it sustains 
ty this treatment ; it is then submitted to volumetric 
assay, and the figure thus obtained is coasidei'ed to 
represent the real amount of iron. It is obvious that 
experiments made under these conditions are deficient 
in accuracy in two respects. We do not know the 
contents of the ore as it is, nor its contents after desio- 
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cation at 100®. This last must be viewed as the truest, 
for it is the only state which remains constant, and 
upon which the further processes to which the ore is 
subjected have no influence. 

The quantitative determination of the iron supposed 
to be contained in an ore is made with a portion of the 
substance more or less dried ; the richness of the damp 
ore is calculated by the iron found in the dried ore, and 
on the proportion of water it lost by desiccation. For 
instance, an ore containing 22 per cent, of hygroscopic 
water, and in its dry state 34 per cent, of iron, when 
damp would only contain ^^^J^^^ per cent. — ^that is, 
26,32 per cent, of this metal. 

Determination of Water in CliemicaZ CowMnation. 

It is evident that if the ore contain neither carbonic 
acid nor organic matter, nor sulphides, nor protoxide of 
iron, nor oxide of manganese, the proportion of water in 
combination can be very easily obtained by subtracting 
from the loss which the ore sustains by calcination the 
amount of hygroscopic water found in it by simple 
desiccation. This is, however, an exceptional case, and 
we are generally obliged to have recourse to direct 
weighing in order to obtain the amount of water of 
combination. 

The general process is as follows : The ore is placed 
in a tube of refractory German glass, and heated in a 
current of dry atmospheric air ; the water evaporated is 
carried off and retained in a tube of dry chloride of 
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^B calcimn, accurately weighed befureliaiid. By the iii- 
^B firease in weight of the absoirbing apparatus, we leam 
V the weight of the water. In order to obtain accurate 
■ results, the apparatus (fig. 9), and the accompanying 

^^metliod of operating, are, in our opinion, the boat ; a is 

^b small tube containing sulphuiic acid, and intended to 

^Bontrol the rapidity with which the, air traverses the 

^^pparatus ; ii is a tube, U-shaped, filled with chloride 

of cidcium ; it serves to di-y the air completely before 

that reaches the ore. The ore is contained in the hall 

of the tube cc', made of refractory glass, narrowed and 

bent in d, as the figure indicates ; e is a tube contain- 

ii^ chloride of calcium in small fragments. A current 

Kair is sent through the apparatus by placing it in com- 
nnication at e with an aspirator, consisting of a large 
ittle full of water, which is emptied by a syphon. 
The aspirator bottle is similar to that often used for 
keeping distilled water (see fig. 1), A small tube filled 
with chloride of calcium is adapted to this aspirator to 
prevent any vapour from the water entering tube e ; a 
screw clip-cock regulates the flow of the water. We 
^■MKratc as follows : In a glas» tuhe closed at one end, 
^Bnd smaller than tube c, weigh from two to five grammes 
^W the ore ; then introduce the open part of this tube 
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into tube c, and by shaking slightly with turning the * 
tube between the fingers, cause the ore to fall into the 
ball, taking care that it does not go beyond it. Weigh 
tube e, furnished with a cork that serves to unite it to c, 
then join the different parts of the apparatus by means 
of corks and caoutchouc tubes ; bring the aspirator into 
play, and heat the ore gradually and slowly with a spirit 
lamp or Bunsen gas flame. Move the lamp gradually as 
far as cZ, in order to expel the water beyond the nan*ow 
part, then separate c' from c either by a stroke of a file 
at d or by fusing to a neck the glass at the narrow part 
by the blow-pipe, and weigh c' and c together; then 
separate the two, wash and dry c\ and weigh it in its 
turn. By means of these data we easily determine by 
the difference the weight of the water driven off from 
the ore. If the ore has been previously dried at 100°, 
this weight is the weight of the water in combination r 
in the opposite case we should allow for the proportion 
of hygroscopic water. 



V,— ASSAY FOR CARBONIC ANHYDRIDR 

Carbonic anhydride is found in ores, in combination 
with different oxides. The principle of the method 
usually employed to ascertain its proportion is as. 
follows : — ^Put a known quantity of the ore to be tested 
in one part of a small glass apparatus, sufficiently small 
and light to be placed on the balance pan, and consist-^ 
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ing of two separate vessels capable of communicating^ 

with each other. Place the weighed ore in one vessel, 

and pour some strong acid into the other, and unite tha 

two ; the carbonic anhydride is expelled, and if care has 

been taken to prevent the escape of any vapour with it,. 

and to secure its complete expulsion from the apparatus 

at the conclusion of the operation by drawing through a 

cuiTent of air, we are enabled to ascertain its amount by 

the diflTerence in weight. This very simple method 

gives sufficiently accurate results. We cannot give the 

• 

details of all the apparatus proposed to be used for this 
purpose. Mohr's apparatus, as modified by Bunsen, is, 
by construction, easily handled, and very suitable. 

This apparatus (fig. 10) consists of a small glass flask, 
furnished with a tube in S, with a ball intended to con- 




Fig. 10. 

tain the acid required for the decomposition of the car- 
bonates, and a small tube for chloride of calcium, bent 
downwards to make the apparatus more compact, and 
render it easier to weigh. Put a weighed quantity of 
the ore into the flask with a little water ; the less car- 
bonic anhydride contained in the ore, the more ore we 
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should employ. Affix tKe drying tube and the tube in 
S, having filled the ball of the latter with ordinary 
nitric acid. Then dry the apparatus externally, care- 
fully with a dry cloth, and weigh it. By drawing (with 
the mouth) the air from the tube containing the chlo- 
ride, we cause a little of the acid to enter the flask ; 
after effervescence has abated, cause more acid to enter^ 
.and continue this until no further effervescence be 
produced by the addition of the acid ; then heat 
gently, and suck with the mouth again through the 
tube containing the chloride, in order to cause a 
small cun*ent of air to pass into the flask, and expel 
from it the least trace of carbonic anhydride. Cool 
the apparatus, dry it, and weigh after an hour. 



VI.— ASSAY FOR THE PROTOXIDE OF IROK 

The simplest way to make this assay is to employ 
the volumetric method by permanganate of potassium 
•as in the case of ores. All oxidising action should 
be avoided during the process of solution, which is 
to be effected by means of hydrochloric acid only 
{care being taken not to employ too great an excess) 
in a flask through which a current of carbonic 
anhydride is passed to prevent access of the atmos- 
phere. 

A more practical method, especially if one has 
•everal assays to make together, is to put into the 
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: with tlie ore a amal! portion of crystallised car- 
onate of potassium or of sodium ; under the influ- 
iBce of the aciil, the carbonate will cause the libera- 
tion of carbonic gas, which will rapidly expel the air 
»m the flask. This should be furnished with the 
topper and valve described before. The solution 
(eing obtained, add some sulphuric acid to expel the 
[reater portion of the hydrochloric acid ; heat to assist 
I liberation. IHlute with cold water, and transform 
e protosalt into the persalt by means of the standard 
lolution of permanganate, the volume employed of 
iiich will then indicate the quantity of the prot- 
ijtide contained in the ore. We might also determine 
, addition the amount of the peroxide of iron by 
eans of chloride of tin, and knowing the total con- 
ent of iron of the substance, infer the quantity of 
le protoxide. The results furnished by the latter 
lethod have the advantage of not being influenced by 
ie presence of hydrochloric acid, and thus the use 
fanlpburic acid to expel it is unnecessary. 



Vlt— ASSAY FOR PHOSPHORIC ACID. 

B£3UBK. — ^Arsenic behaving generally like phos- 
iiorus, its presence in the ore requires a slight addition 
> the different methods about to be described : the 
[quid when deprived of silica must be boiled after the 
iddition of the sulphurous acid or sulphite of sodium to 
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reduce the arsenic acid to the state of arsenious acid. 
When the boiling has been continued until the smell of 
sulphurous anhydride has completely gone off, precipi- 
tate the arsenic as a sulphide, by means of a current of 
bydrosulphuric acid, filter, and in the filtrate solution 
ascertain the quantity of phosphoric acid by one or other 
of the methods now to be described. The reduction of 
the arsenic acid and the persalts of iron by sulphurous 
anhydride or sulphite of sodium, has the advantage of 
being more rapid than that effected by bydrosulphuric 
acid ; the production of a large quantity of free sulphur 
which would go down with the precipitate of sulphide 
of arsenic is thus also avoided. 

First Method : by the Sulphite of Sodium. 

Add to the solution of the ore deprived of silica some 
sulphite of sodium, in order to bring back the persalt of 
iron into the state of a protosalt. When the reduction 
is nearly finished (which we recognise from the loss of 
colour in the liquid), boil, to obtain the complete expul- 
sion of the sulphurous anhydride whether free or in com- 
bination; for this purpose we must use an excess of 
hydrochloric acid, which also prevents the precipita- 
tion of basic salts in consequence of the ebullition; 
as soon as the liquid boils, drop in some solution of the 
perchloride of iron in such proportion as will enable the 
oxide of iron, of which it contains the elements, to 
supersaturate that and the phosphoric acid contained 
In the ore, being cautious as to a too great excess. We 
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know that the amount of the perchloride is sufEcieut, 
when tlie precipitate aaaumes a decidedly red brown 
colour, a colour which the phosphate of iron does not 
possess, and which arises solely from an excess of the 
oxide. 

The surest plan is to make use of a standardised solu- 
tion of the perchloride of iron, containing 15 milli- 
grammes of iron to each cubic centimetre, and to 
employ of this solution as many cutic centimetres as 
shall result from the multiplication of the supposed 
quantity of phosphoric acid present expressed in hun- 
dredths, by the number of grammes of ore employed. 

The precipitate mentioned above contains all the 
phosphoric acid united with the oxide of iron and 
alumina, but exempt from lime, magnesia, and manga- 
nese; exempt, also, from too great an excess of the 
oxide of iron, this having remained in solution in the 
condition of a protosalt of iron. Filter while hot ; 
! liquid passes clear at first, but is soon discoloured 
p the oxidation of the salt of iron, which is, how- 
r, of no importance. 
KThe precipitate collected on the filter is dissolved 
\ means of hydrochloric acid ; to its solution add 
icid, chloride of ammonium, and a gi'eat ex- 
1 of ammonia; the latter will produce no precipi- 
if care has been taken to employ a sufficient 
ntity of tartaric acid. Finally, by the addition of 
■Iphate of magnesium we precipitate the phosphoric 
■id in the state of a double phosphate of ammonium 
pd magnesium. Stir the fluids with a glass rod, 
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avoiding contact with the sides of the vessel for the 
reasons given abready in reference to the quantitative 
analysis of magnesia. (28) 

The precipitate filtered after twelve hours' rest, and 
washed with ammonia water, still retains a small quan- 
tity of foreign bases ; to get rid of these, we must re- 
dissolve it in hydrochloric acid, add to this solution a 
little tartaric acid, and precipitate again with ammonia. 
Filter, wash, and weigh after careful calcination. 

According to Fr&^nius, the second solution of the 
double phosphate, followed by a second precipitation with 
ammonia, is more injurious than useful, as involving a 
loss in the phosphate of magnesium, of which the quan- 
tity is never very great (29) 

Second Method : by fusion ^v^ih the Alkaline 

Ca/rhonatea, 

The ore is fused with four to six times its weight of 
sodic carbonate of potassium ; the fused mass is treated 
with hot water until its complete disintegration ; by 
these operations the phosphoric acid which has combined 
with the alkaline bases passes into the liquid and leaves 
in an insoluble state the oxides of iron, the alumina, and 
the oxides of the other bases which existed in the ore. 
These matters being separated by filtration, the filtered 
liquid is neutralised by mean9 of hydrochloric acid, then 
evaporated to dryness in order to obtain the silica in 
an insoluble form ; the residuimi is treated with water, 
which redissolves everything except the silica. Filter, 
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and in the filtrate previously mixed with ammonia and 
chloride of ammonium, precipitate the phosphoric acid 
by means of the sulphate of magnesium. 

The operation is completed in the manner akeady 
detailed, 

Third Method: hy Tin. 

The ore is dissolved with nitric acid only ; dilute the 
solution with water, and filter to separate the silica ; 
odd concentrated nitric acid to the filtered solution, 
then put Into it a known weight of laminated tin, the 
weight of which should represent y to 10 times the pro- 
bable weight of phosphoric acid contained in the ore ; 
heat until all the tin be oxidised and the hquid clears 
easily when left at rest, by letting the oxide deposit. 
The tin completely reduced to oxide, carries with it the 
phosphoric acid in combination; both these compounds, 
the oxide and the phosphate of tin, are insoluble in 
nitric acid. 

The precipitate is thrown on a filter, washed, and 
calcined, carefully avoiding all reducing action ; it is 
then weighed, and by subtracting from its weight the 
weight of the peroxide of tin coiTesponding to the tin 
which has been dissolved from the laminated tin em- 
ployed,* we obtain the weight of the phosphoric acid. 

The solution of the ore should be quite free from 
hydrochloric and sulphuric acids. 

' This weight is detennincd either by calciilation (one part of li:i 
givca 1,2712 parta of anhydrous oxide) or, ir preferred, hy a jn'cviuus 
eiperimqnt, tin not Icing in gent>v«l nljnolutcly pure. 
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This method being in some respects doubtful, it is 
better to modify it in the following manner: add to the 
nitric solution a sufficient quantity of tin, the weight of 
which is not necessarily known. When the peroxide of 
tin which foi*ms is well deposited, wash it several times 
by decantation, always pouring the decanted wash liquid 
through a filter. After sufficient washing, place the oxide 
in a platinum capsule, dissolve it by a moderate heat 
with a small quantity of a concentrated solution of 
caustic potass. Dissolve also with a little caustic potass 
the peroxide adhering to the filter, and unite the 
liquids ; they should be limpid ; saturate with a current 
of hydrosulphuric acid ; in this manner the oxide is 
changed into a sulphide, which, owing to the sulphide of 
potassium simultaneously formed, remains in solution. 
Precipitate the sulphide of tin, by adding acetic acid or 
dilute sulphuric acid until a slight acid reaction is found ; 
allow the precipitate to settle and then filter. The fil- 
trate contains phosphoric acid in the state of phosphate 
of potassium ; precipitate the phosphoric acid by sul- 
phate of magnesium in the presence of chloride of 
ammonium, and an excess of ammonia, as before 
directed. 

Fourth Method : by the Molybdate of Ammonium. 

The solution obtained by the action of hydrochloric 
or nitric acid on the ore, when separated from the 
silica is concentrated, if necessary, by evaporation to a 
volume of about lOcc, then poured into an excess of 
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Ilnolybdic solution, prepared as indicated under that 
zeagent (Part I.). This solution should be in such a 
pi-oportion as to contain at least thirty times as much 
molyhdic anhydride as there is phosphoric acid in the 
solution of the ore. Stir the hquid without touching 
the sides of the vessel, then let it stand at a tem- 
perature of from SO" to 40° Cent, from twelve to twenty- 
four hours. A yellow precipitate forms, which is 
separated by filtration, washed with molyhdic eolu- 
Uon, diluted with its own volume of water, and re- 
diasolved afterwards on the filter witli the aid of am- 
monia. Pour into this ammoniacal solution a solution 
of sulphate of magneaium, which precipitates the phos- 
phoric acid in the ordinary form of double phosphate 
of ammonium and magnesium, (30) 

■ Rem,ark. 

Instead of ascertaining the amount of phosphoric 
acid directly from the ore, it is sometimes preferable 
to determine the phosphorus in the cast iron ob- 
tained by the dry method. The reason generally 
why we wish to know the quantity of phosphoric 
|:«(3d contained in au ore is the influence that its 
; exerts on the quality of the pig and bar 
litton pi-oduced from the ore. Now as all the phos- 
lorus of the ore does not pass into the pig iron 
from it, we are disposed to think that the 
aat-mentioned method gives results of a more prac- 
Dal character than those obtained by the direct assay 
f »f the ore. We refer those who share this opinion 
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to the subsequent axticle — Determination of Phos- 
phorus in Cast-iron. 

We must, however, remark that the proportion of 
phosphorus found in cast iron, obtained by crucible 
operations, is generally much less than that found 
in pig iron produced by the treatment of the same 
ore in the blast-furnace — a consideration which is in 
favour of the dii*ect determination of the phosphoric 
acid in the ore itself. 



VIII.— ASSAY FOR SULPHUR. 

Sulphur is usually found in the ore in the state of 
sulphide, but occasionally it is also found — at least 
partially — as sulphate of calcium or of barium. To as- 
certain the proportion of sulphur in the condition of 
a sulphide, we must' by oxidation change it into 
sulphuric acid. Several methods have been proposed 
for eflfecting this oxidation ; we shall mention the twQ 
following. 

• 

First Method :, by fuming Nitric Acid. 

Finely pulverised ore is treated hot with a very large 
quantity of fuming nitric acid, which should be quite 
free from sulphuric acid ; and this it is well to ascer- 
tain beforehand. When the action has apparently 
ended, add a little hydrochloric acid, and continue 
to heat at about 100° Cent, for some time longer. 
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%B solution is then evaporated to dryness with a 
' addition of hydrochloric acid, so as to expel the 
sater portion of the nitric acid. The residuum, 
sing first moistened with concentrated hydrochloric 
icid, is treated with hot water, and finally filtered in 
order to separate the insoluble matters* in the 
liquid, heated to about 100', and very much diluted; 
rwe precipitate the sulphuric acid by means of chlo- 
! of barium. Too large an excess of this salt is 
) be avoided, as its presence hinders the complete 
ishing of the precipitate. The precipitate being 
ieposited and the liquid cooled, pour the latter only 
D a filter, and wash the precipitate several times by 
ecantation with water, acidified slightly with hydro- 
hloric acid ; then place it on the filter, and wash it 
I there with hot water, until the washings are 
longer affected by the addition of a drop of 
Blute sulphuric acid. Dry the filter with its con- 
tents, and calcine carefully. After calcination, the 
precipitate should be perfectly white and powdery; 
if it be red and agglutinated, the washing has been 
msufficient; in this case, it must be purified in the 
following manner : Drop upon the precipitate in the 
^^apsule in which it was calcined some drops of hydro- 
^■ftlqric acid. Stir it well, and break it up by means 
^R a. glass rod, then pour it into a vessel containing a 

' To ensure the complete oxidation of the sulphur, it is woU to treat 
the inBoluble resiilunm with more nitric aciiL Wheu the ore is not 
^^(omplately attacked by tlie treatment imlicateJ, it ia better to have 
^blColirse to the second method here described. 
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small quantity of hot water, and boil it; when tlifl I 
sulphate of barium has been deposited, pour the clear 1 
liquid on to a filter, add more water, slightly acidified I 
with hydrochloric acid, boil again, and filter as soon as 
the precipitate has been deposited ; then treat it as 
described above. 

The nitric acid may he replaced by aqua regia, but 1 
the first is generally preferred, as less likely to cauas J 
a loss of sulphur in the state of gaseous combination, ] 
or as vapour of sulphur. 



Second Method: by fusion with the Alkaline 
Carbonates and Saltpetre. 

This method is based on the transformation of sul- 
phur into sulphuric acid ia the dry way. 

The matter to be assayed is well mixed with four 
times its weight of sodic carbonate of potassium, and 
twice its weight of nitrate of potassium, all being dry 
and well pulverised. Throw this mixture in small 
portions at a time into a platinum crucible, heated to- 
redness ; at every addition, allow the reaction to take 
effect, and heat the crucible again, taking care to keep 
it closed, to prevent spurting over. After the last ad- 
dition heat til! the mass is in tranquil fusion j then let- 
it cooL The fused mass is treated with dilute hydro- 
chloric acid until its complete disintegration, and the 
solutiou is then evaporated to dryness in order to 
render the silica insoluble, and to decompose th& 
litrates; the residuum being first moistened with 
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hydrochloric aciilj is then treated with hot water j a 
solution is thus obtained which, after the separation 
of the silica by filtration, is perfectly limpid, and in 
which we ascertain the amount of sulphuric acid by 
chloride of barium, in the manner already indicated. 
The washing of the sulphate of barium must he even 
more carefully peiformed than in the preceding case, 
for the liquid contains a large amount of fixed matter, 
which the sulphate of barium has a tendency to 
retain mechanically. This meihod is especially appli- 
cable when the ore contains a lai'ge proportion of sul- 
phur, as, for example, iron pyrites. 
To determine the quantity of sulphur existing in an 
■e in the state ofasulphate.we can operate as follows: — 
f 1. If it be sulphate of calcium or sulphate of iron, 
■'Wl a known weight of the ore, veiy finely pulverised, 
ill a large quantity of water for a considerable time, 
filter and ascertain the amount of sulphuric acid con- 
tained in the liquid. 

2. If tbe sulphate he of barium, and if the propor- 
tion be small, we must first treat the ore with acids, 
filter the liquid, having previously diluted it with 
water, to avoid dissolving any of the sulphate of 
barium, calcine the insoluble residuum ; then ascertain 
the amount of sulphuric acid contained in it after its 
fusion with the alkaline carbonates. In this case we must 
heat the fused mass with pure water, filter and deter- 
mine the sulphuric acid contained in the Liquid, after 
having got rid of the silica by evaporation with hydro- 
^^bloric acid to complete dryness. If the proportion of 



To 
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sulphate of barium be considerable we may fuse the 
ore directly with the alkalies. (31) 



IX.— ASSAY FOR OXIDE OF ZINC. 

First Method : by Hydrosulphui'ic Acid in an Acetic 

Solution. 

The best method is to precipitate the zinc as a sul- 
phuret by means of hydrosulphuric acid in a solution 
of the ore containing no other acid than acetic acid 
in slight excess. The ore being not directly attackable 
by this acid, we must produce the requisite solution in 
an indirect manner. Dissolve the ore in concentrated 
hydrochloric acid, with the addition, if necessary, of 
nitric acid ; add to the solution enough of sulphuric 
acid to saturate all the oxides it contains, then evapo- 
rate to dryness. In this manner we obtain a residuum 
formed exclusively of the insoluble matters contained 
in the ore and of the sulphates. Heat with water 
slightly acidified by sulphuric acid, and pour into 
the hot solution some acetate of barium until a 
precipitate ceases to form, allow the precipitate to 
settle, wash by decantation several times in boiling 
water, and filter. The clear liquid thus obtained con- 
tains all the oxides of the ore in solution in acetic acid 
and a small quantity of free acid. Pass a current of 
hydrosulphuric acid through the liquid until it be satu- 
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(listed ; tlie zinc only is precipitated ; * it ia in the 
:State of a sulphide, and must be allowed to deposit, 
the air being excluded. Waah by decantatiou, and then 
throw the precipitate on a filter, washing it with water 
containing some hydroaulphiiric acid in solution ; we 
must Voi employ the hydrosulphide of ammonium, 
which would precipitate the iron and other metals 
present When the precipitate is sufficiently washed, 
re-diasolve it on the filter itself in the least possible 
quantity of hydrochloric acid, taking care to cover the 
glass funnel with a watch-glass or plate, to prevent 
the chance of spurting over by the gas disengaged; 
wash well and heat the solution to drive off the 
jydrosulphuric acid ; filter and precipitate the zinc 
lin by adding gradually to the boiling liquid a solu- 
i of carbonate of sodium, avoiding too great an 
ess ; as soon as the flocculent precipitate becomes 
p^inular cease heating, and filter when the precipitate 
B well collected. 

The cai'bonate of zinc thus obtained is washed, dried, 
od calcined, carefully avoiding all reducing agents 
rhich, owing the volatility of zinc, might involve per- 
iptible loss. By calcination the carbonate of zinc is 
langed into the oxide, and this is then weighed. This 
aethod is even applicable to ores containing manga- 



' If the OK contain copper, load, or arsenic, bcsideE zinc, wo should 
t get rid of these elements l>y passing a, current of hydio-snlphmio 
1 through the hydro-chloric aolutioo of tlie ore. 
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ISecond Method : by the Hydrosulphide of Ammonium 

in an Ammoniacal Solution. 

If we have to treat ores entirely free from manga- 
nese, we may use a much simpler process : the solution 
of the ore in hydrochloric acid containing the irQA as a 
peroxide compound, is exactly neutralised by carbonate 
of ammonium (a slight precipitate is no inconvenience), 
then boiled and mixed with acetate of sodium or 
succinate of ammonium. "When the precipitate has 
collected, filter and wash well with hot water. The liquid 
being received in a flask capable of being perfectly 
closed, pour in a slight excess of hydrosulphide of am- 
monium, and let it rest, access of the air being excluded, 
as the carbonic acid contained therein might cause pre- 
cipitation of the lime as carbonate. When the precipi- 
tate is collected, decant the supernatant liquid, and then 
throw the precipitate on a filter, and terminate the 
analysis as before described. 

We may also determine the zinc either volumetrically 
(see the authors' Supplementary Notes), or in ores con- 
taining manganese, by first getting rid of the peroxide 
of iron and alumina by acetate of sodium, then the 
manganese by some one of the methods ah-eady de- 
scribed, and then precipitating the zinc, as above, by 
the hydrosulphide of ammonium. 
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X.— ASSAY FOR LEAD. 



^B Fir8t Method: by HydroBulphwic Add. 

^r Treat the finely pulverised ore witb concentrated 
hydrochloric acid, evaporate the solution to dryness, 
and, having moistened the residuum with a little of 
that acid, pour upon it a boiling solution of chloride of 
ammonium, in which chloride of lead is soluble. Filter 
to separate the insoluble mattei-s, wash the precipitate 
first with warm water, then with a solution of tartrate 
of ammonium, in order to dissolve the sulphate of lead, if 
any has been formed ; lastly, pass a prolonged current of 
hydrosulphuric acid through the diluted liquid. A pre- 
cipitate of sulphide of lead, with free sulphur is formed ; 
the latter arising fi'om the reduction of the perchloride 
of iron. Boil and filter. After desiccation, the filter is 
introduced into a small weighed porcelain capsule, and a 
few drops of fuming nitric acid added ; then two or three 
drops of sulphuric acid and a moderate heat apphed, until 
the liberation of vapotir has ceased ; then increa.se the 
heat slowly, until the capsule is red hot, in order com- 
pletely to destroy the material of the filter. The sul- 
bide is thus changed into a sulphate, the weight of 
llich we ascertain at the balance. 

Second Method : by Sulphut-ic Acid. 

lAttack the ore with aqua regia, then evaporate the 
Hution to dryness, after the addition of some drops of 
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sulphuric acid. Pour a boiling solution of tartrate 
of ammonium (which dissolves sulphate of lead) upon 
the residue; filter to separate the insoluble matters, 
washing first with a boiling solution of the above tar- 
trate, and then with hot water, and then reproduce the 
sulphate of lead by decomposing the tartrate of am- 
monium, which held it in solution by dilute sulphuric 
acid ; add a little alcohol to the liquid to prevent any 
sulphate of lead remaining in solution, let the pre- 
cipitate deposit, wash it by decantation, with cold water 
slightly acidified with sulphuric acid, and mixed with 
alcohol, and, finally, transfer it by the help of the least 
possible quantity of liquid into a weighed little flask or 
glass capsule; decant the greater part of the liquid 
carefully, and evaporate the remainder to dryness in 
the weighed vessel, and so determine the weight of the 
sulphate of lead. If the operation be well performed, 
the precipitate should be almost perfectly white. 



XL-ASSASr FOR ARSENIC ACID. 

Dissolve a suflScient quantity of ore in aqua regia, 
then reduce the arsenic acid and the perchloride of iron 
to a lower state of oxidation by means of sulphite of 
sodium in presence of an excess of hydrochloric acid, 
keeping the liquid at boiling temperature. When the 
resulting sulphurous anhydride is completely expelled, 
dilute with water, let the liquid become quite cold, and 
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then pas3 into it a alow current of hydrosulphuric 
acid. 

By tliis operation the ai-senic acid was changed into 
araenious acid, and tho perchloride into the proto- 
chloride of iron. In this way the precipitation of the 
atsenic is facilitated, and a large deposit of free sulphur, 
whicli might produce a persalt of iron, is prevented. 
Filter, and ti-eat the precipitate, which is composed 
of silica, sulphide of arsenic (Aa'S"), and sulphide of 
lead, if the ore has contained lead, still on the filter, 
with ammonia, which dissolves only the sulphide of 
arsenic. Efaporata to dryness the ammoniacal solution 
in a porcelain capsule over the water-bath, and treat 
the residue with fuming nitric acid, taking care to 
keep the capsule covered with a watch-glass or glass 
plate. As soon as the action of the acid slackens, 
heat again over the water-bath. The sulphide of 
arsenic is broken up by this process into sulphuric 
and arsenic acids. 

Dissolve at the same time in nitric acid an accurately 
weighed quantity of iron, equal at least to Iialf the 
weight of the arsenic acid presumed to he in the solu- 
tion. When the iron and the sulphide are completely 
dissolved, dilute with water and precipitate with am- 
monia. The precipitate contains all the arsenic acid 
combined with the peroxide of iron. Filter, wash the 
precipitate, dry it well, then calcine, taking care to 
heat it gi'adually at first, in order to get rid of the 
ammonia which it may contain, and which, without 
^L^iis precaution, might reduce some of the arsenic acid. 
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We know the amount of the peroxide from the weight 
of the iron employed, and we thus obtain the weight 
of the arsenic acid by the diflference. 



ANALYSIS OF SCORLfi, SLAGS, FLUXES, AND FIRE 

CLAYS, &C. 

The elements of these substances are much the same 
as those which enter into the composition of ordinary 
iron ores. The iron exists in scoriae and slags chiefly 
in the state of protoxide ; the remainder, as peroxide, 
free or combined — sometimes even metallic iron is 
found in disseminated particles. The analysis of these 
matters does not usually require any special methods ; 
attention should chiefly be given to the evaporation 
necessary to render the whole of the silica insoluble, and 
to the presence of the peroxide of iron. (32) 



PART V. 



ASSAY OF IRON ORES BY THE DRY METHOD. 

The assay by the dry method serves, in the first 
place, to make known the yield in cast-iron of an 
ore; in the second, it controls the management of 
the blast furnace by fusion in the crucible of a mix- 
ture identical with that employed on the great scale ; 
thirdly, it enables us to compare to a certain point the 
ity of the cast irons produced by different ores ; 
Ly, it may have no other object than to procure a 
itton of cast iron, intended for the assay of its con- 
its in phosphorus, as we observed when speaking of 
it particular body. 

The basis upon which this assay rests is as follows : 
If we put a certain quantity of iran ore into a clay 
and charcoal-liued (braaqu^ crucible, with fluxes, and 
expose the mixture to a progi-cssively increasing tempe- 
rature, the volatile products, water and carbonic acid 
Ie first liberated ; at about 400° Cent, the proto- and 
iroxides of iron in immediate contact with the clay 
id charcoal-lined crucible are reduced, with produc- 
jn of carbonic oxide and carbonic anhydride, which 
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the excess of carbon present reduces to carbonic oxide. 

The carbonic oxide, diflfused through the mass, and 

changing into carbonic anhydride, reduces in its turn 

the part of the ore not subjected to the direct action 

of the charcoal lining of the crucible. The reduced 

metallic iron is carburetted either by the gases or by 

the solid carbon. At a temperature of about 1500*^ Cent., 

the cast iron collects gradually in the bottom of the 

crucible, whilst the earthy matters, becoming vitreous, 

melt in their turn, and form the scoria that rises 

to the surface above the cast iron, ,which, when cooled, 

separates as a metallic button. At the temperature at 

which the cast iron is produced, zinc and lead are 

volatilised, and are not found in the button or ingot ; 

but this is not the case with the manganese, sulphur, 

and phosphorus. If the ore contain these elements, 

they combine at least in part with the iron as well 

as does also a certain quantity of silicon. (33) 

The assay is generally made in crucibles from 10 
to 12 centimetres high, of good refractory clay and 
charcoal-lined (brasque), (34) For the lining wood char- 
coal only is used. It is finely powdered, passed through 
a wire-gauze sieve, and wetted with a little water care- 
fully mixed through it by kneading. The quantity of 
water should be barely that required to knead the 
mass under considerable pressure. A small quantity 
of the mixture is put into the bottom of the crucible, 
then pressed down with a pestle or piece of wood 
specially rounded at the extremity ; to this first layer 
a second is added, then a third and fourth, until the 
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crucible is filled. To prevent the different layers being 
jndependeat of each other, we should scratch the sur- 
face of each layer with a blade or poiot of iron before 
putting in aaother. The solid centre is then scooped 
out with a knife ; the cavity should only descend about 
two-thirds of the interior depth of the enicihle, and 
a regular thickuesSj equal to about the fourth of the 
diameter, should be left all round. The surface of 
the cavity, and the bottom especially, should be very 
smooth. A thick glass tube, closed and rounded at 
the extremity, is used to effect this smoothing or even 
polishing of surface. 

The advantage of the test by the dry method is to 
furnish results analogous to those obtained in the bla^t 
fumade. To render this analogy as complete as pos- 
sible, we should exclusively employ as fluxes the sub- 
stances used in operating on the large scale, and systems^ 
tically reject any others, such as soda, borax, &c. Lime, 
alumina, and silica are the only fluxes made use o£ 

Lime is employed in the state of carbonate ; instead 
of chemically pure carbonate, good white limestone 
is generally used, free from pyiites, phosphates, and 
metallic oxides. It is pulverised finely in tolerably 
large quantity, and its composition being ascertained, 
it is reserved for use. A small proportion of magnesia 
in the limestone is not injurious. 

The alumina is employed either alone, as found in 
the pipeclay of commerce, or hydrated, and in combina- 
tion with silica, iu the state of potters' clay. In the 

t— 
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finely powdered, and its composition, like that of the 
Umestone, precUely ascertained. 

The silica is either in combination with the alumina 
or separate, but in the latter case it should be in 
impalpable powder. It is obtained in this form by 
levigating silicious sand, or by decomposing a solution 
of an alkaline silicate with hydrochloric acid, evapo- 
rating the liquid to dryness, and washing the residue 
with hot water until nothing but silica remains. 

Some assayers employ earthy glasses of known com- 
position, and prepared by fusing in charcoal - lined 
crucibles, mixtures of potters' clay and limestone. (35) 

Given an ore, what are the proportions and the 
nature of the fluxes to be employed for a successful 
assay ? Such is the question we are now to answer. 

With respect to the ordinary dimensions of crucibles, 
we may consider 50 grammes as the maximum weight 
of the mixture to be fused, and 10 grammes the mini- 
mum ; for, with a less quantity, the button is too 
small, and it is diflScult to decide as to the nature of 
the cast iron; besides, the chances of error increase 
as the quantity operated on is greater. 

The ratio in the weight of the cast iron to that of the 
slag produced in an experiment must not be arbitrary; 
in fact, as the slag always contains some iron, it is 
obvious that it is injurious to increase its weight un- 
necessarily ; nor should we diminish it below a certain 
limit, for without slag, or with too small a proportion, 
the collecting of the cast-iron into a single smooth 
round button would be difficult or impossible. 
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We may consider the ratio of one to one as the 
most expedient to attain, and which should not be 
exceeded unnecessarily ; moreover, there is some ad- 
vantage, as in operating with this ratio we are in 
conditions more nearly identical with those employed 
in the bla,st furnace. In our choice of the quality of 
the fluocea, we are now guided by the following con- 
siderations : The slag should not become fused until 
after the complete reduction of the oxides of iron ; 
if it were previously fused, it would carry with it a- 
perceptible amount of these oxides ; on the other hand, 
it must be completely fused at a temperature attainable 
in the assay wind furnace, for upon the proper fusion 
of the slag the success of the assay greatly depends. 
The presence of sulphur in the ore also exerts an in- 
fluence on the selection of the flux. A sulphurous 
ore requires proportionally more lime than an ore free 
rom sulphur. 

It is difficult to fix the limits of composition within 
which the slag is still sufficiently fusible. Experience 
has shown that within the very extended limits admis- 
sible, the best results are obtained with slags containing 
only the silicates of calcium and aluminium, in the 
foUowing proportions :— 

5 to 15 per cent, alun^ina. 
30 to 50 „ lime. 
35 to 55 „ silica. 

Approaching the higher limit indicated for silica, we 
obtain a slag which fuses easily ;• if by a mixture of 

1^ 
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fluxes we approach the inferior limit, we obtain a more 
basic slag requiring a much higher temperature for 
fusion, and consequently having a tendency to produce 
a highly carburetted cast iron (grey or mottled iron), 
and exercising by its large proportion of lime, a de- 
sulphurising action on the ore. 

Having ascertained by the wet method the exact 
composition of the ore, we can then calculate the quan- 
tity of each of the fluxing materials to be employed so 
as to obtain a slag of definite composition. 

Let a, c, and s, represent the respective proportions 
of alumina, lime, and silica, contained in 100 parts of 
ore dried at 100° Cent., and x, y, and z, the mini- 
mum quantity of each of the three ingredients which 
should be added to 100 parts of the ore, in order to 
obtain a slag containing A, C, and S per cent, of these 
same ingi-edients, we shall have 

a+x _. c+y _ g-fg 
A "C " S 

In order that the sum of x-\-y-{-zhQ a minimum, one 
of those unknown quantities must be = 0. 

Supposing that this be x, we have : 

A A 

when 7/ is = we get 

cA • ^ cS 

a; = — - a; y = 0; 2; = — - 6^; 

finally when = 0, we get 

sA ^ sC 

aj=_-a;2/:=^-c;0=O 
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Of these three systems, one alone will not give a 
negative value, and it is that one which we require. 

The composition of the ore, and the slag to be ob- 
tained, being given, the general symbols are replaced by 
their numerical values, and we use that one of the series 
which leads to a positive value. 

For instance, an ore of the following composition 
l)eing given : 

Alumina = 4,47 

Lime = 6,75 

Silica' = 14,32 

Oxide of Iron = 71,13 (iron = 49,79 per cent.) 

Water, etc. = 3,33 



100,00 
Supposing we wish to obtain a basic slag of centesimal 
composition : 

Alumina 14 
Lime 48 
Silica 38 



100 
We replace the letters a, c, and s, and A, C, and S, 
by their numerical values, and we get in the three 
series : 

L 

^ ^ 4,47X48 _gy^ = 8,58 
14< 

= -MTxSS _ j^ 32 _ _ 2,19 
14 
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XL 



^ ^>i_J^ _ 4 47 _ _ 2,80 
48 



2/ = 



= 6^75x38 _ j^ 32 _ _ g gg 
48 



III. 
_ 1^.32X14 _ 4^^ ^ Q gj 
38 

y = 11:?J^^ - 6,75 = 11,34 
oo 



5; = 0. 

We here see that the last system is the one the 
values in which we should employ. 

But there is another question : does the ratio in the 
weight of the slag required to that of the cast-iron 
agree with the quantitative fluxes that we have just cal- 
culated, and if not, can we make it agree, and how ? 

This is expressed in a general way Iff the formula, 

F being the amount of iron contained in 100 parts of 
the ore. If this ratio be equal to unity it is all 
right, and if it be greater than unity we admit it ; bat 
if it be less, we can arrange it without changing the 
composition of the slag to be obtained, by increasing 
X, y, and z, the amounts proportional to A, C, and S. 
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In this case let 

a-i-c-hs+x+y+z = F — i. 

The quantities a?' 42/^+2^, to be added in order to 
make the ratio of the weight of the slag to the weight 
of the cast iron equal to unity, are given by the 
formulae : 



100, "" 100 100 

k bemg equal to x'+y'+z' and 100 = A+C+S, by 
the conditions of the problem. 

The quantities x+x\ y+y' and 0+^ of alumina, 
lime, and silica are those which we would employ, if the 
assay were made with 100 grammes of matter; but as 
we always operate with less amounts, we must reduce 
them in the ratio of 100 to the number of grammes of 
ore we actually employ. 

y+y' being the quantity of lime calculated in the 
form of oxide of calcium, we must calculate the weight 
of the carbonate of calcium that this quantity of lime 
corresponds to. 

Let us take the example given above ; calculation 
gives us the values 

X = 0,81 ; y = 11,34 ; = 0. 

The quantities of alumina, lime, and silica contained 
in the ore are : — 

a = 4,47; c =: 6,75 ; 8 = 14,32. 



120 A PBACrriCAL MANUAL OF 

The quantity of iron corresponding to the oxide is— 

F = 49,79 ; 
the ratio <'+<'+^+^+y+^ is therefore equal to g^ 

and k = 12,10. 

The quantities of the different fluxes to be added in* 
order to make the ratio of the slag to the cast iron 
equal to unity, will therefore be : — 

0,' = llll!:10 = 1,69, y' = ^^^^ = 5,81 
100 ' ' ^ 100 

.' = 38x12,10 
100 

We should then employ — 

0,81 + 1,69 =i 2,50 of alumina 
10,34 + 5,81 = 17,15 of lime 

4,60 of silica. 

If the calculation be correct, the sum of these threc^ 
quantities, added to that of the numbers which repre- 
sent the quantities of alumina, lime, and silica contained 
in the ore, should give a number equal to 49,79 ; that is^ 
to say, equal to the weight of the iron it contains. 

In consequence of the very large limits admis- 
sible for scoria, we can soon acquire the habit of 
judging from looking at the ores with which we have 
niost to do, what fluxes should be added. For very 
clayey ores, an addition of lime only will suflSce ; witb 
calcareous ores we must employ silica or alumina, or a 
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mixture of the two; according as the ore contains, in 
additiou to lime, a more or less lai^e proportion of alu- 
mina and silica ; lastly, with ores consisting of almost 
pure oxide of iron, we should use a mixture of lime, 
alumina, and silica, of of glass, these prepai'ed before- 
hand, remembering what baa been said with regard to 
the proportion to be maintained between the cast iron 
and the slag. 

Even if we do not approximately know the composi- 
tion of the ore, we may obtain a good result by guesa ; 
for example, making a seiiea of experiments with the 
addition of 5, 10, 15, 20 per cent, of lime, if none of 
these succeed, we should commence a second series with 
the addition of silica or alumina : the first generally 
enables us to recognise what constituents are wanting 
for the slag, and we are almost certain to succeed in the 
ind tnal. 

But we are seldom reduced to this extremity, for a 
w simple quantitative trials give sufficient indications 
of the composition of the ore. for instance, if the 
ore effervesce with acids it usually contains lime ; if 
it be very clayey it will emit, when breathed upon, 
the characteristic " clayey " odour, and from the residue 
when treated with hydrochloric acid, and often by 
mere pulverisation, we ascertain whether it contains 
much silica. 

When we have selected the fluxes, we mix them well 

with 10 to 20 grammes of the ore on a sheet of glazed 

paper, and place them carefully in the bottom of the 

ivity scooped out of tho charcoal lining of the cru- 



fort 
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cible, bringing its particles closer together by knock- 
ing the crucible lightly on the table, and filling up the 
remainder of the cavity with powdered charcoal This 
done, we arrange a cover for the crucible, provided with 
a small opening for the libemtion bf vapour and gas ; set 
it on its stand, and unite all the parts with fire-clay, and 
place the stand on the grate of the furnace. In case we 
wish to heat several crucibles simultaneously, we should 
take care to arrange them so as to allow a su£Scient 
space for fuel between them ; otherwise the success of 
the assay might be compromised in one or more. It is 
very important to manage the fire well, and to heat the 
crucibles gradually. Coke is generally employed; it 
should be in pieces suflSciently small to fill the interstices 
between the crucibles ; if it were too small, it would 
prevent the free circulation of the air necessary for a 
powerful heat — or if too large may let pass currents of 
cold air. The crucibles being placed on the grate, we 
surround them with unignited coke in quantity sufl&cient 
to cover them completely. On the coke, throw some 
well-kindled charcoal, close the furnace, and let the 
coke kindle equally ; then fill the furnace with fresh 
coke to the level of the flue leading to the chimney 
stalk. After some time, the fire having gradually ex- 
tended downward to the grating, we pack the coke with 
the help of an iron rod, and, if necessary, refill the fur- 
nace with fuel, and keep up the fire well until it maybe 
let to bum out. We can withdraw the crucibles from the 
furnace by a pair of tongs while still hot, and by shaking 
each and gently knocking it on the floor, coUect the grains 



^■(^ iron which may he scattered through the slag, but it 
Vl8 generally preferred to let the crucibles cool in the fur- 
nace. When cold, we endeayoui' to knock off the cover 
without breaking the crucible ; but if unsuccessful, we 
break it in two by a blow of a hammer, and detach and 
collect the contents carefully upon a sheet of glazed paper. 
If the operation be well performed, we shall find the iron 
d the slag forming a single well-fused mass, the iron 
a a button at the bottom, and easily detached clear of 
lag. The metallic button does not always represent 
, total of the iron obtained ; usually, the slag 
outains some more or leas spherical grains, which we 
piust collect ; for this puvpoKe pulverise the slag, and 
rithdraw the metallic particles by means of a magnet, 
e look for the same in the remaining charcoal lining, 
ffld when all the particles are collected we weigh the 
Jntire. From this weight we can calculate the percent- 
Ige of iron fiu-nisbed by the ore assayed. This propoi- 
ion should always be in excess of the proportion of iron 
alculated from the results of an assay by the wet 
nethod, for cast iron contains, in addition to iron, carbon 
md silicon, and also (if the ore possess these elements), 
ulphui", phosphorus, and manganese, and many ores 
CPntain some other bodies. It is true there is always a 
1 quantity of iron left in combination with the slag, 
when the assay has been well performed, that is 
ery small, and the loss due to this cause does not com- 
eneate for the increase of weight caused by the pre- 
Hiee of the carbon and the other bodies we have raen- 



CHEMICAL ANALYSIS AND ASSAYING. 123 



124 A PRACTICAL MANUAL OF 
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If the operation be successful, the exterior surfaces 
both of the iron button and of the slag should be smooth. 
Rough surfaces in the iron button, a porous texture in 
the slag, and the partial dissemination of iron through 
it, are proofs that the assay has failed, or is unreliable 
either from insufficient heating, or a misproportioning 
of the various fluxes employed. Little can be inferred 
from the appearance of the slag, for assays made with 
the same ore and the same fluxes in the same propor- 
tions, may give slags of widely different aspects, accoixl- 
ing to the temperature to which they have been sub- 
jected, and the more or less rapid cooling of the 
crucible. We may consider a bottle-green and vitreous 
slag as containing oxides of iron, which may be attri- 
buted to a large proportion of silica in the ore or flux, 
and hence to the too great fusibility of the mixture ; 
and we may regard apple-green slags, opaque at the 
surface, or even all through, as indicative of the presence 
of manganese. 

The aspect and texture of the cast iron varies not only 
with the nature of the ores employed, but to a certain 
degree with the manner in which the assay has been 
performed, with the nature of the fluxes, with the length 
of time during which the metal has been exposed to the 
action of heat, and with the temperature to which it 
has been raised.^ We should, in the first place, examine 
the cast-iron button, with respect to its malleability, 
trying how far it may be hammered out without crack- 
ing at the edges or breaking, and then we must judge 
of the grain and colour from the fracture. Malleability 
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is in general the mark of a good quality. Cast iron is 
commercially classified, from these and other data, as 
'''grey," "mottled," "white," and specular {spiegel- 
eisen). 

The last variety is only obtained from ores containing 
much manganese, which furnish the best quality, when 
a large proportion of lime is employed, the effect of which 
is to cause more of the reduced manganese to combine 
with the cast iron. Manganese appears to assist in 
purifying cast iron 'by sending more or less of the 
sulphur and phosphorus into the slags. 

Ores containing a large amount of phosphoric acid 
generally give mottled or white cast iron. (36) 



PART VI. 



ANALYSIS OF CAST IRON, MALLEABLE IRON, 

AND STEEL. 

The silicon, phosphorus, sulphur, and manganese, 
which these metals may contain, as well as the carbon, 
which is a constant constituent, have a very great influ- 
ence on their industrial qualities. It is not then surpris- 
ing that the value of analysis should be more and more 
appreciated in reference to their commercial relations. 
The time will arrive when sales of these metals will 
not be efifected without a certificate of their analysis. 
The great want of analytical methods furnishing precise 
results, yet with a rapidity suflScient for industrial 
purposes, is probably the principal, if not the only, 
cause restricting such a course. 

Some remarks are to be made with regard to the 
selection of the specimen for analysis. According to 
the mode of analysis employed, it may consist of a 
single fragment, or of some shavings, granules or filings. 
The hammer, the graver, the common mortar, Abich's 
mortar (otherwise called the steel or diamond mortar), 
and the file, are used, according to circumstances, to 
bring the material to a finely-divided form. The drilling 
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or planing machines might be advantageously employed 
for this purpose. The pulverisation of cast iron con- 
taining graphite in an open mortar may, by loss of 
uncombined carbon, occasion a very material error 
which should certainly be avoided. This is occasioned 
by the motion of the air, which tends to carry off the 
finest and lightest scales of the graphite. Pending the 
operations which prepare the specimen for analysis, 
especially during the sifting, care should be taken to 
exclude organic matter, the presence of which would 
falsify the determination of the carbon. A metallic 
sieve, made of copper wire gauze, or a thin sheet of 
copper, pierced with very fine holes, is best for this 
purpose ; hair or silk sieves ar$ unsuitable. 
• The complete analysis (in an industrial point of 
view) of a specimen of cast iron* includes the deter- 
mination of manganese, silicon, phosphorus, sulphur, 
carbon (in both states), and iron itself, which "fast we 
must not neglect, if we desire to control the results 
obtained by analysis as to the other elements. 



I— DETERMINATION OF IRON. 

Dissolve from 0,5 grammes to 1 gramme of the speci- 
men by means of slightly diluted hydrochloric acid, to 

• Under the name cast iron (^^fonte ") we shall include in the subse- 
quent pages malleable irons and steels, unless when we find it necessary 
specifically to refer to either of these. 
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which add from time to time a few crystals of chlorate of 
potassium, and assist the reaction by heat. When the. 
solution is efifected, dilute with a little water, and filter 
to separate the insoluble residue. If this still contain 
iron, which is almost always the case, slightly wash 
the filter and burn it in a platinum crucible, then 
fuse the product of this calcination in the same crucible, 
with a small quantity of sodic carbonate of potassium, 
and a little saltpetre. The fused mass is treated with 
diluted hydrochloric acid, and the solution thus formed 
is added to the first liquid. Heat to expel the free 
chlorine, and ascertain the amount of iron by means 
of chloride of tin (as previously directed). If per-^ 
manganate of potassium be preferred, it is necessary 
to add first to the liquid a small quantity of sulphuric 
acid, then evaporate to dryness, treat with dilute 
sulphuric acid, and reduce the persalt of iron to the 
protosalt by means of zinc. 



II.— DETERMINATION OF MANGANESE. 

We operate upon a specimen larger in proportion, 
as the manganese supposed or indicated to be in the 
iron by a previous experiment is smaller. Make the 
solution as directed in the preceding paragraph. As 
the filtered liquid contains the whole of the manganese 
of the specimen, there is no occasion to notice the 
insoluble residue. Ascertain the quantity of manganese 
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according to one of the methods already detailed in 
reference to the analysis of ores. Observe, that a 
single operation is not suflScient to separate manganese 
completely from the iron. 



Ill— DETEEMINATION OF SILICON. 

Silicon is found in cast iron, partly free and partly 
in combination, as silicide of iron, partly as silicic acid 
in combination with bases, in the form of particles of 
slag intermingled with the cast iron. To ascertain the 
quantity of silicon, dissolve 5 to 10 grammes of pul- 
verised or simply granulated cast iron in slightly 
diluted hydrochloric acid. A porcelain dish may be 
employed, but better still a platinum capsule, for porce- 
lain is not always safe from attack by acids. After 
complete solution, add some drops of sulphuric acid 
to the liquid, then evaporate to dryness in the water- 
bath until hydrochloric acid is no longer liberated. 
The silica is rendered insoluble. Treat hot with hydro- 
chloric acid and water, and separate the insoluble 
residue, which contains different substances, by filtra- 
tion. In order to isolate the silica, burn the filter, 
and fuse the residue with the alkaline carbonates and 
a little saltpetre ; treat the fused mass, to obtain 
solution, with hot water containing a little hydrochloric 
acid and some drops of sulphuric acid ; evaporate to 
dryness in the water-bath. Again dissolve it with 
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some drops of hydrochloric acid and hot water ; every — 
thing is now in solution, except the silica, which is 
separated by filtration, dried and weighed after calcina^ 
tion. This weight corresponds to the total silicon ; to 
ascertain in what proportions this is divided, between 
free silicon and the silicon involved in the cast iron 
in the state of slag, we must determine the latter 
in the manner about to be described, and the former 
by the difference. 

Determination of Silicon in the Involved Slag. 

We ai'e not aware that more than one method for 
this has been proposed, viz., that given by Frds^nius 
in his "Treatise on Analysis," which we shall give 
verbatim, with the manner in which that author recom- 
mends the solution to be made. 

*' In order' to ascertain the amount of slag involved 
in cast iron, dissolve a suflScient portion in very largely 
diluted hydrochloric acid, with the help of a voltaic 
current. The solution is eflfected with the feeble cur- 
rent of electricity, obtained by a single element of 
Bunsen's, by plunging the piece of iron to be analysed 
as the positive electrode into the diluted hydrochloric 
acid. The iron is dissolved as a protochloride, giving 
up its carbon, and forming no gaseous product with 
it and the hydrogen liberated at the opposite or nega- 
tive electrode. With a strong current we should not 
succeed, because under its influence the iron easily 
becomes passive ; in this case, chlorine is disengaged 
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ipon tile smface of the iron, and oxidising the carLon 
«reaily deposited, produces with it a direct combination 
analogous to hydrachloric acid (?) which the current 
decomposes, forming a deposit of carbon at the negative 
pole. In both cases there would be a loss of carbon ; 
iathe first, in the form of carbonic oside or carbonic 
ficid ; in the second, in the state of a carburet of 
hydrogen derived from the carbon and hydrogen 
arriving together at the negative pole. 

" Take a piece of iron, from 10 to 15 grammes, 
&L it by means of a pinching screw on a pktinum 
point, and plunge it into the dilute acid in such a 
manner that the point of contact of the iron and its 
holder be not wet with the hydrochloric acid (otherwise 
the carbon deposited on the platinum would affect 
the whole operation), attach the holder to the wire of 
the positive pole, plunge also the plate of platinum 
forniing the negative electrode into the acid, and by 
the distance maintained between the two electrodes 
regulate the intensity of the current, so that only the 
protochloride and not the perchforide of iron shall be 
formed. The production of the latter is recognised 
by the yellow streaks of more concentrated chloride 
of iron which pass off from the piece of iron. The 
exterior appearance of the iron changes but little 
during this operation, because the carbon preserves 
nearly the form of the iron. When the immersed 
portion of the cast iron is dissolved (usually in about 
12 hours after immersion), stop the current, separate 
the compact metallic portion from the carbon mass 
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adhering to it, weigh after desiccation, and ascertain 
the amount of iron dissolved In this way the slag 
is not attacked, but remains in the carbon mass we 
separate from the undissolved portion of the iron. 
Collect all on a small filter, heat to redness until all 
the carbon is burned off, boil the residue with carbonate 
of soda, to carry off the silica, which is only in the 
state of simple mixture, heat the residue to redness 
in a current of hydrogen, and then in a current of 
dry chlorine, free from contact with the air, treat the 
mass with a little dilute hydrochloric acid, then again 
with a boiling solution of carbonate of soda wash, dry, 
and weigh. If the quantity of slag be not suflScient 
for analysis, determine the proportion of silica in it^ 
and calculate the amount of oxygen of the bases com- 
bined with silicic acid, according to the approximately 
known ratio between the oxygen of the acid and that 
of the bases in analogous slags." 

This method is ill-adapted to an industrial laboratory. 
We are inclined to think that the desired result may 
be obtained more simply, and with sufficient accuracy, 
by the following process : — 

Dissolve the cast iron with bromine water, which 
leaves the slag, carbon, &c., as an insoluble residue ^ 
filter and wash this residue, then treat it directly 
without calcination, with a boiling solution of carbonate 
of sodium, which dissolves the free silica ; filter, wash, 
and calcine the matter left unacted on by the carbonate 
of sodium, and in this last residue proportion the silica 
of the slag in the usual way, having fused it with 
carbonate of potassium and a little saltpetre. (38) 
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IV.— DETERMINATION OF PHOSPHORUS. 

Dissolve 3 to 5 grammes of pulverised cast iron or 
iron turnings either in nitric acid or in aqua regia, 
made witU ttree volumes of hydrochloric acid and one 
volume of nitric acid ; we may also use bromine, but 
we cannot use hydrochloric acid alone, because it 
would liberate a part of the phosphorus in the fonn 
of phoaplutmine (phosphuret of hydrogen). 

Whatever agent he employed, evaporate to dryuess 
to render the siJica insoluble, and take up the residue 
with an aqueous and boiling solution of liydrochloric 
acid, determining the quantity of phosphoric acid 
contained in the liquid by one of the methods detailed 
in a preceding chapter. We can also treat the solution 
of the iron neutralised with ammonia with the hydro- 
sulphide of ammonium; the iron is precipitated as a. 
sulphide; filter, and in the liquid precipitate phosphoric 
acid with sulphate of magnesium. 

It Mttluid : By di/rect Uuiisforinatloii of Stti 
into Sulphuric Acid. 
; 



v.— DETERMINATION OF SULPHUR. 



a covered vessel 3 to 5 grammes of the 
or wrought iron in fragments with fuming nitric 
soon as the effervescence diminishes heat 



4 
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to jassist the solution, and, when that is completed^ 
add hydrochloric acid and evaporate to dryness. The 
residue having been treated with hot dilute hydro- 
chloric acid, filter to separate the insoluble matter. 

The sulphur changed into sulphuric acid remains 
in the liquid ; precipitate with chloride of barium in 
the form of sulphate of that metal. Collect the 
sulphate, wash, dry it, and weigh after calcination. (39) 

Second Metliod : by the previous transformation of 
Sulphur into Hydrosulphuric Add. 

This method is founded on the faculty which sulphur- 
ous cast iron possesses of parting with its sulphur, in 
the form of hydrosulphuric acid gas^ accompanied by 
the phosphuret and carburets of hydrogen and free 
hydrogen gases, when attacked by a non-oxidising 
acid, such as the hydrochloric. By passing the gases 
into a metallic solution capable of retaining the sulphur 
and producing an insoluble sulphide, we can collect 
the latter, and changing it into sulphuric acid, weigh 
it in the form of sulphate. The solution of the iron 
may be made in the apparatus represented in Fig. 11. 
a is a flask of about 300 cubic centimetres in capacity,* 
carrying a capacious funnel tube (furnished with a 
cock), and extending to the bottom of the flask; a 
gas-tube doubly bent places the flask in communication 

* All these dimensions are only approximate, and may be much 
rtaied. 
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^HHth a araaJI condenser (formeil of a teat-tnbej two 
^nknti metres In diameter and ten centimetres long, con- 
taining a very email quantity of water. This condenser 
is plunged in a vessel filled with cold water. The 
apparatus is completed by a series of little flasks, d, e,f, 
^KMch 80 cubic centimetres in capacity, half filled with 
^Hie liquid intended to absorb the hydrosulphuric acid. 
^H Put 3 to 5 grammes of cast iron in the tiask, or 
^Baore, if the proportion of sulphur be very small ; add 
B& Bmail quantity of distilled water; arrange the ap- 
paratus, taking care that all the corks are perfectly 
air-tight, then pour in gradually, slightly diluted hydro- 
chloric acid through the funnel tube, and regulate 
Bie supply, so as to produce the escape of gas bubble 




f bubble. When the last addition of acid produces 
I apparent reaction, heat the flask, shghtly at first, 
1 progressively, until the liquid commences to boil, 
md keep it at that point for some time. The hydro- 
tiloric acid and steam which are liberated are con- 
pdensed in b, which fills rapidly. Wlien tlie lil)eration 
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of gas through the flasks, d, e, aod /, has ceased, stop 
the operation, which has lasted two to three hours, 
decant, and treat the precipitate contained in the 
absorbing flasks. The nature of this precipitate and 
the treatment to which it is subjected depend upon 
the reagent employed. Either an . alkaline solution 
of oxide of lead or a neutral solution of nitrate of 
silver may be used as absorbents. 

1st. — Alkaline Solution of Oxide of Lead* 

The action of hydrosulphuric acid upon this reagent 
forms sulphide of lead ; separate this by filtration on 
a small filter from the excess of the reagent employed, 
wash it a little, dry, and fuse it along with the filter 
it is on, with carbonate of soda and a little saltpetre. 
The melted mass is treated with water, the solution 
is subjected to a current of carbonic anhydride, in 
order to precipitate any traces of dissolved lead, and 
then separated from the insoluble matter by filtration. 
Then acidulate the liquid with hydrochloric acid, and 
precipitate the sulphuric acid with chloride of barium, 
using the precautions indicated already. 

2nd. — Solution of Nitrate of Silver. 
Introduce into each of the little flasks, d and 6, forty 

* The alkaliae solution of oxide of lead is prepared by adding caustic 
potass in small pieces, or in strong solution, to a solution of the nitrate 
or acetate of lead, in quantity more than sufficient to completely re- 
dissolve the precipitate which forms at first. The solution is of 
suitable concentration if it contain 25 to 30 milligrammes of lead for 
each cubic centimetre of liquid* 
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cubic centimetres of a solution of niti-ate of silvM 
containing one part of the nitrate to twenty parts ( 
"water. In flask /, twenty cubic centimetres, of thia 
Bolution are placed, adding thereto an equal volume i 
water. 

Ey the action on the nitrate of silver of the ) 
liberated by treating cast iron with hydrochloric acid fl 
black precipitate is formed, principally composed of the"' 
Eiilphuret and phosphuret of silver. There is a slight 
disturbance in all the absorbing flasks, produced by the 
reduction of a small quantity of silver by the evolved 
hydrogen. Pour the contents of all the little flasks 
OE the same filter, beginning with the one farthest fi-om 
flask a, wash them out once with distilled water, and 
use this water to wasli the precipitate. After this im- 
perfect, but suflScient washing, pour some water and a 
httle bromine into flask/; shake and warm slightly to 
dissolve the bromine, then plunge the ends of the tubes 
from d, e, and /, into the liquid. The black matter 
adhering to them changes rapidly into yellow bromide 
of silver ; wash now the tubes with distilled water, 
and then pour the bromine water from / into e ; whei 
the small quantity of black precipitate in it has also bera 
changed into bromide of silver, pour the liquid into thi 
third flask, and from that, when it has acted ' 
the matter adhering thereto, into a matrass of 250 o 
300 cubic cent., wa,?!! all the absorbing flasks, an<9 
add the water to the first liquid, so as to unite tlifli 
whole. 

to this a new quantity of bromine, p 



138 A PIIACTICAL MANUAL OP 

funnel containing the precipitate of the sulphide oveir 
the matrass, pierce the filter, and, aided by a little 
water, cause the greater portion of the precipitate to 
fall into the matrass, into which finally put the filter 
itself. Heat slightly to be sure that the action is 
complete, and to expel the excess of bromine, which 
should until then be carefully preserved in the 
liquid. 

The reaction between the sulphuret of silver, the 
water, and the bromine, may be represented by the 
formula — 

Ag«S + 8Br + 4H*0 = H»SO* + 2AgBr + 6HBr. 

The phosphuret of silveris transformed by an analogous 
reaction into bromide of silver and phosphoric acid. 
Separate the bromide of silver by filtration ; the acid 
and hot liquid is quite free from fixed matters and in 
good condition for the precipitation of the sulphuric 
acid with chloride of barium ; be careful to use only 
a slight excess of this reagent, which can easily be 
effected by employing a standardised solution. 



VI.— DETERMINATION OF CARBON. 

Or all the elements which enter into the composition 
of the industrial products with which we are here 
engaged, carbon is, after the iron itself, the most im- 
portant. It is generally admitted that it may exist in 
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I cast iron ia two forms — 1st, iu the state of crystallised 
carbon or g^-aphite, and 2nd, as dissolved or combined 
carbon. Iron and steel contain it in the latter condition 
only. The weight of the whole of tlie contained carbon 
ia generally ascertained, but it may also be desirable to 
fis the proportions of the carbon as found in each fonn. 
In the analyses in which we are engaged it is a<lvisable 
always to pursue the same method of operation ; for in 
^neral different methods will give different results. 
■iBy always operating in the same way we can at least 
f «nsare comparable results, and that iw the essential 
I point. 

A. — Detei~)nlnation of the total amoitnt of Carbon. 

It is generally admitted that the determination by 
^direct weighing of the carbon separated from cast iron 
gives rise to error, as the separated carbon invariably 
contains hydrogen and even oxygen in combination, 
le only method leading to exact results is to bum 
file carbon, and to ascertain the amoimt in the fonn of 
carbonic anhydride, condensed in a solution of potass, 
contained in an absorbing bulb apparatus, previously 
weighed. The increase of weight gives what we 
require. The transformation of carbon into carbonic 
anhydride can be done directly by submitting cast 
iron to the action of certain oxidisers, or by first 
liberating the carbon, and then burning it. 
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1st. — Detei^mination of Carhoii in Cast Iron by direct 

Combustion, 

The most simple mode of effecting direct combus- 
tion is that proposed by Wohler ; that chemist burns 
finely pulverised cast iron in a current of oxygen. It is 
obvious that cast iron, even when pulverised, forming 
a more or less compact mass, oxidises with difficulty. 
To render the mass more permeable to the gas, Rose 
adds the oxide of copper. 

Instead of employing free oxygen as an oxidiser, we 
may bum cast iron by heating it with a substance that 
will yield its oxygen to it. Kuddernatsch employs 
oxide of copper only. We can hardly believe that 
complete oxidation can be obtained by this method. 
Regnault and Bromeis proposed a mixture of chromate 
of lead and chlorate of potassium ; but Kuddernatsch, 
having remarked that this mixture liberates chlorine 
when exposed to the action of heat, it is preferable to 
employ a mixture of chromate of lead (ten parts), and 
bichromate of potassium (one part), as indicated by 
Mayer. * The combustion of the cast iron is effected in 
apparatus and by methods quite the same as an organic 
analysis — ^viz. in a tube of refractory glass, heated 
either with charcoal in Liebig*s iron-plate furnace, or, 
which is preferable, by means of coal gas in a special 
apparatus. The apparatus and the manipulations 
being nearly the same as those used for the combus- 
tion of carbon liberated from cast iron, we refer to that 
article for detailed description. 
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2nA — Determination of Carbon after liberation from 

the Iron. 

a. Previous liberation of the Carbon, 
First Method : by Bromine. 

Operate with 5 to 10 grammes of cast iron in fine 
granules placed in the bottom of a naiTow vessel con- 
taining water, into which pour afterwards sufficient 
bromine to cover the iron and prevent it coming in 
contact with the water. Let the bromine act at the 
ordinary temperature; stir the iron in the bromine 
gently from time to time. Decant the water containing 
bromide of iron now and then, replacing it with fresh 
water, and make a new addition of bromine, if necessary. 

When we consider the solution complete, which in 
certain cases is not for some days, carefully decant the 
water and expel the excess of bromine by gentle 
heat. Add hot water and a little hydrochloric acid. 

The weight of the carbon is ascertained according to 
one or other of the methods indicated further on. . 

Second Method : by Chloride of Copper. 

Operate with 5 to 10 grammes of cast iron, re- 
duced to granules smaller as the iron is whiter and 
harder, and at a temperature not exceeding 50° Cent., 
submit it to the action of a solution of chloride of 
' copper as neutral as possible, and containing at least 
a quantity of copper equal to once and a half that of 
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the cast iron employed. The reaetion between the 
iron and the chloride is represented by the following: — 

Fe« + 2CuCl» = Fe«a* + Cu«. 

The iron takes the place of the copper, abandoning 
its carbon, which is mixed with the metallic copper 
precipitated. The action is assisted by frequent stirring, 
and when over (which is known by the absence of hard 
grains in the undissolved residuum when felt with a 
glass rod) decant the liquid into a second vessel, and 
treat the mixture of copper and carbon with a fresh 
portion of solution of chloride of copper, mixed this 
time with hydrochloric acid. By this means the copper 
is dissolved, and in the state of chloride of copper is 
tsoluble in hydrochloric acid — 

Cu + Cua* = Cu«a«. 

The carbon remains along with the silica, &c. ; the 
mode of determining its weight is given further on. 

It has been proposed to replace the pure chloride of 
copper by a mixture of this salt and chloride of sodium. 
The object of the latter is to render the chloride of 
copper soluble by forming with these a double salt, and 
thus avoiding the employment of hydrochloric acid. We 
may also substitute for the chloride of copper a mixture 
composed of the sulphate of this metal and chloride of 
sodium. The solution employed in this case is formed of 
twenty parts of crystallised sulphate of copper and twenty 
parts of chloride of sodium with 100 parts of water. 
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Third Method : by Bichloride of Mercury, 

Triturate ia a porcelain mortar one part of cast iron in 
powder or filings, with fifteen to twenty parts of bichloride 
of mercury, and a sufficient quantity of water to form a 
thin paste ; the chloride of mercury acts upon the iron, 
and protochlorides of iron and mercury are formed — 

Fe« + 4HgCl* = Fe«Cl* + 2Hg*a*,— 
the carbon remaining intact. The reaction has termi- 
nated when no more hard gi*ains remain under the pestle, 
which takes place after about half an hour. Dilute the 
paste with 200 to 250 cubic centimetres of hydrochloric 
acid, and leave all in the oven for about an hour at a tem- 
perature of 60* to 80** Cent. The protochloride of iron 
and the mercuric chloride not decomposed are dissolved ; 
the protochloride of mercury remains with the carbon 
and silica as an insoluble residuum. This is thrown 
on a filter and washed with warm water, dried, sepa- 
rated from the filter, and placed in a platinum boat. 
This is put into a tube of refractory glass and heated 
there by means of a gas or charcoal furnace in a 
current of pure, dry hydrogen. The whole of the 
protochloride of mercuiy volatilises and condenses either 
in the colder parts of the tube or in a flask fitted to it 
for the purpose of collecting the mercurial vapours, 
which are dangerous to inhale. Allow the platinum 
boat to cool in the current of hydrogen, then weigh it, 
having first enclosed it in a small tube of thin glass, 
fitted with a cork, to prevent the absorption of mois- 
ture by the carbon. After weighing, the boat is heated 
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firet in contact with the air or a current of oxygen, in 
order to burn oflf the carbon, then again in a current of 
hydrogen, in order to bring back the residuum of this 
combustion to its condition when first weighed. By 
weighing a second time we obtain the weight of the 
carbon by the difference. We might also determine the 
weight of the carbon by the quantity of carbonia 
anhydride it produces as hereafter stated. 

Fourth Method : by Galvanic Current 

This method has the advantage of the others in not 
requiring the mechanical division of the specimen. 
We have already detailed the mode of operating 
according to Fr&^nius in reference to the determina- 
tion of silicon, which is also here to be employed. The 
carbon residue is separated from the liquid, and the 
weight of the carbon it contains is determined by one of 
the methods here given. 

b. Determination of the iceight of the Carbon 

eliminated. 

Whatever method we employ to obtain the liberation 
of the carbon, it is always accompanied with foreign 
bodies. We have already stated that the only way 
accurately to determine the weight of the carbon is to 
transform it into carbonic anhydride, and to weigh it in 
that state. Still as we may not have the apparatus- 
required for this always at our disposal, we should 
notice two other methods giving approximate results. 
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Fiivt Method. 



1^ Throw the carbon residuum separated from the cast 
iron on a weighed filter, having submitted it to the 
action of dilute hydrochloric acid ; wash it well, deter- 
mine the weight after desiccation at 100° Cent., and 
then calcine. The carbon is burnt off, and nothing 
is left but the fixed matter which had been mixed with 
Weigh the residuum, and regard the difference 
I tebween the weight now obtained and that furnished 
■ "by the preceding method as representing that of the 
I carbon. This result is not oxact: the error arises from 
■the combined carbon that has been separated from the 
; iron containing hydrogen and oxygen, and from 
l+he silica mixed with it not being completely deby- 
Ijlrated at 100" Cent. 

Second Metltod. 

The filter upon which the earbon is thrown is placed 

E<with its contents in a small porcelain crucible, covered 

idosely, and then placed in a larger crucible, and 

Wvered completely with small pieces of wood charcoal 

"he larger crucible is provided with a cover, and the 

jjtrhole is heated red hot in a muffle furnace until the 

i completely carbonised. Cool before opening, 

Bid then ascertain the weight of the matter contained 

I the interior crucible. This weight includes that 

F the carbonaceous residue of the filter, that of the 

arbon separated from the cast iron, and that of tlie 

tied matter mixed with it. We obtain the weight of 



A 
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the latter by burning oflf the carbon of the east iron and 
that of the filter. We ascertain the weight of the sub- 
stance left after the calcination of the filter in a close 
vessel, and thus the diflference gives the weight of the 
carbon. To obtain the weight of the filter, make a 
certain number of the same size, and equal in weight, 
of paper of the same thickness and grain ; calcine 
several of these filters in a crucible from which the air 
is well excluded ; weigh the carbon arising from the 
carbonisation of the paper. By conducting all the 
operations in exactly the same manner, we obtain, after 
some trials, weights perceptibly equal for all filters of 
the same size.* 

Third Method : by Combustion. 

The liquid obtained by attacking the cast iron is 
filtered on a plug of asbestosf or a sponge of platinum, 
placed in the bottom of a tube tapering at the end, or 
in a small funnel Having washed the carbon residuum, 
first with hydrochloric acid, then with pure water, until 
the acid be completely got rid of, dry it at 100° Cent., 
or at a temperature a little higher, in the same tube in 
which it was collected by filtration. Mix it with per- 
oxide of copper, and effect the combustion by means of 
its oxygen. The apparatus applicable to this purpose 
is represented by fig. 12. a, b, c,- is a tube of refrac-^ 

• Rivot's "Docijnasie," t. iii., p. 622. 

i* The asbestos should be purified with boiling hydrochloric acid, 
and then paloiiied. 
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tory glass, from 60 to 70 centimetres long, and 12 to 15 
millimetres interior diameter, filled from b^ to c with 





Fig. 12. 

oxide of copper in grains, retained between two plugs of 

l2 
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asbestos or of fine copper wire ; d is a tube filled with 
chloride of calcium ; e, an apparatus filled to about a 
third with concentrated solution of caustic potass (1 part 
of caustic potass and 2 parts water) ; and /, a small tube 
half filled with potass in small fragments, and half with 
chloride of calcium ; gr is a gasometer filled with oxygen ; 
h, a tube of U form, filled with sodic lime, in order to 
retain the carbonic anhydride which the oxygen often 
contains, in consequence of the presence of small quan- 
tities of organic matter in the oxide of manganese or 
other bodies fi*om which it is prepared ; lastly, i is a 
washing-flask containing sulphuric acid, and intended 
to dry the gas, and to indicate the rapidity of its libera- 
tion. The different parts of the apparatus are united 
with well-fitted corks or caoutchouc tubes. 

Put a small quantity of powdered oxide of copper in 
a very dry porcelain mortar, and spread it with the 
pestle ; by a copper or platinum wire, or a glass rod, 
cause the carbon, and the plug which held it in the 
tapered or funnel-shaped tube before described, to iFall 
into the mortar ; then pour a little oxide of copper into 
the tube, and, turning it round, detach any carbon which 
may be adherent to it by the friction of the oxide. 
Add this oxide to that in the mortar ; mix all well to- 
gether, and introduce it, by the extremity a, into the 
part a 6 of the combustion tube. Clear perfectly the 
pestle and mortar by means of some more oxide of 
copper, which may be first passed through the taper- 
tube funnel to carry off the last traces, if any, of the 
carbon, and put this also into a 6. Put together the 
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Apparatus as shown in the figure, having accurately 
weighed the vessel containing the caustic potass solution, 
and the tube /together ; then begin to heat the oxide of 
copper contained from b to c, taking care to protect the 
cork with an iron screen. Wlien this first part baa been 
lieated red, heat the remainder of the tube progressively, 

idvancing from h to a. At the same time cause the 
oxygen to pass, bubble by bubble, through the apparatus. 
Under the combined influence of the oxide of copper 
and oxygen the carbon bums, and is changed into car- 

wnic anhydride ; the gascB escape through tube d, 
where they are dried, and through the vessel containing 
the caustic potass solution, where the carbonic anhydi'ido 

s absorbed and retained. 

The excess of oxygen only passes through tube /, 
■where it is deprived of the water it had carried off from 

Sie solution of potass, and from thence it passes into the 

IJr. When the combustion is terminated, detach the 
tube h from the gasometer, and let a current of air 
{lass through the apparatus for five minutes, by means 

f an aspirator fitted at /. Detach the tubes e and / 
from the tube d, and weigh again ; the increase of 
'weight represents the amount of carbonic anhydride 
absorbed, and from this weight we calculate the weight 
of carbon in the cast iron submitted to analysis. 

I. — DETERMINATION OP THE UNCOMBINED CARBON, OR 
GRAPHITE. 

Treat from 5 to 20 grammes of cast iron according as 
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it contains more or less grapUte, with hydrochloric acid 
diluted with J to 1 volume of water. Heat slightly to assist 
the solution, and when that is effected, which we ascer- 
tain by the liberation of gas ceasing, dilute with a little 
water and collect the residuum, pouring the liquid 
weighed filter. Dry at 100°Cent,, and weigh. Calcine 
the residuum ; the graphite and the filter are burnt 
together ; we ascertain the weight of the fixed matter 
remaining, and, by the difference, we learn the weight 
of the graphite. This method is not free fi-om error. 
To obtain accurate results, we should filter the solu- 
tion obtained with the aid of hydrochloric acid, 
through a platinum sponge or asbestos plug, as de- 
scribed in the paragraph relative to the detenninst- 
tioQ of the total amount of carbon, and wash, first 
with boiling water, then with a solution of potass 
remove the last traces of this by washing with alcohol, 
and, finally, wash with ether, Dry the residuum, and 
effect the combustion as already directed. 

C, — DETERMINATION OF CARBON OF COBIBINATION, 

First Method: by Difference. 

Ascertain separately the total amount of carbon and 

the amount of graphite, according to the methods just 

indicated. Subtracting the second from the first, the 

difference gives the amount of carbon of combination. 

Second Method : hy Cotorimetric Comparison. 
This process is founded on the property possessed by 
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{east iron and steel, when dissolved in nitric acid, of pro- 
ducing a brown colour, deeper in proportion as the 
amount of their carbon in combination is gi-eater. The 
pemitrate of iron which is formeii does not communicate 
any perceptible tint to the liquid ; and the graphite, if 
I the iron contain it, remains intact. Like all colori- 
^ metric processes, the question is determined by compari- 
Ffson with a typical liquid, or visual standard. 

In the case before us, this standard liquid is prepared 
f :in the following manner : — Dissolve one to two deci- 
P'grammes of cast steel, containing a known amount of 
1 <jarbon, in 1,5 to 5 cubic centimetres of nitric acid, of 
[ density 1,20, and free from chlorine. This last coudi- 
f tion is important, because the chlorine would form per- 
L chloride of iron, the acid solution of which possesses 
I itself a decided colouring power. The amoimt of acid 
I Bhoiild equal that required for the complete solution of 
r the specimen to be tested, and proportionate to the 
1,-amount of carbon it contains. 

The steel employed for the standard liquid should be 
in powder : pulverise a sufficient quantity, and pass it 
through a metallic sieve, the apertures of which have a 
maximum diameter of -j-V ^'f ^ millimetre. Ascertain 
^^ the total amount * of carbon accurately, by oue or 
^B : other of the methods previously detailed, and secure the 
^H • metallic particles from damp and air, which would cause 
^H their oxidation. 
^H The solution is made in a glass tube, 10 to 15 ceuti- 
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metres long, and about 1 centimetre in diameter ; heat 
to 80° Cent, in a water-bath, regulating the temperature 
by the thermometer. The blackish flakes formed at first 
disappear upon the liberation of gas. After two or three 
hours the solution is complete. 

To assay by this method iron and steel, begin by re- 
ducing them to powder, and passing them through the 
sieve; then weigh a quantity equal to that of the 
typical or standard steel, by means of which the liquid 
for comparison has been prepared ; treat it in a glass 
tube, similar to that used for the preparation of the 
solution of the typical steel, for the same length of tinle, 
and with the same quantity of acid, and exactly in the 
same way. The black particles which the liquid may 
still contain, after two or three hours' reaction, can only 
be attributed to graphite or slag : we can ascertain this 
by heating them with some drops of nitric acid, having 
first decanted the liquid in which they were deposited ; 
in this case there should be no liberation of gas. 

When the solution of the typical or standard steel 
and of the specimens for assay are completed (for the 
sake of greater accuracy, several repetitive assays should 
be made at the same time), bring back the liquids to 
the ordinary temperature by plunging the tubes con- 
taining them into cold water, because the colouring is 
more intense while hot than cold, and we can only com- 
pare the shades at the same temperature. To make 
this comparison, take two glass tubes as nearly alike 
as possible ; in one put the typical solution, and 
dilute with water, so that every cubic centimetre cor- 
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responds to -r^tli of a milligramme of carbon. It is an 
advantage to use a tube which is graduated in accord- 
ance with the volume required, and which will 
remain always the same for the same steel. Into 
the second tube pour the solution of the speci- 
men to be assayed ; dilute it gradually with water 
until the two tubes viewed by transmitted, hght or by 
reflected light, with a sheet of white paper behind them, 
possesB exactly the same tint. Then measure the 
volume of the liquid, by pouring it into a graduated 
tube or jar, marked in cubic centimetres. The number 
of the latter, if the operation be performed as indicated, 
expresses the number of tenths of a milligi-amme of 
carbon contained in the weight of the steel or cast 
iron assayed, and enables us to calculate it. 

In assaying iron or steel poor in carbon, we must use 
a typical solution, each cubic centimetre of which cor- 
responds to five hundredths of a milligramme of carbon 
only. For cast iron with a large proportion of carbon, 
the colorimetric process is wanting in accuracy ; but for 
testing steel, especially Bessemer steel, it gives excel- 
lent results, admitting of fair comparison. It is lai^ely 
employed, on account of its simphcity and rapidity, in 
steel manufactories, when materials have to be com- 
pared of apparently similar composition and constitu- 
tion ; but we cannot depend upon the results of a com- 
parison between steel and cast ii'on, especially if the 
latter contain large quantities of sulphur, phosphorus, 
and silicon. 
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GENERAL ANALYSIS OF CAST IRON. 

We may rapidly determine almost all the elements 
of cast iron by the following process: Determine the 
amount of sulphur by treating 5 to 10 grammes with 
hydrochloric acid, and by causing the gases to pass 
into a solution of nitrate of silver (as previously de- 
scribed) ; and while treating the precipitate of sulphide 
and phosphide of silver with bromine, filter the hydro- 
chloric solution on a weighed filter, and determine the 
amount of graphite contained in the residuum as already 
directed. When this has been calcined, fuse it with 
sodic carbonate of potassium, treat the melted mass 
with hydrochloric acid, add the solution thus obtained 
to the liquid proceeding from the first filtration, and 
evaporate all to drynesa Dissolve again in diluted 
hydrochloric acid; the residue is the silica corre- 
sponding to the total amount of silicon. In the liquid 
separated from the bromide of silver the sulphur is 
now changed into sulphuric acid, precipitate it with 
chloride of barium ; the liquid separated by filtration 
from the sulphate of barium is deprived of baryta by 
means of sulphuric acid, and then united to that left 
after the filtration from the silica. In this manner 
we obtain a solution containing all the iron, manganese, 
and phosphoric acid : dilute with water tp the volume 
of ^ litre, then take known parts thereof an&^ determine 
in them volumetrically the iron, the manganese and 
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phosphorus according to the methods indicated in the 
preceding pages. The determination of the carbon 
in combination by the colorimetric process completes 
this simple and rapid analysis. (37) 



PAKT VII 



ASSAY OF FUELS. 

The results of the calorimetric assays to which we 
can submit fuels are not always suflSicient criteria of 
their industrial value ; nevertheless they furnish some 
hints which can be made use of advantageously. We 
can only learn absolutely the value of a fuel by ob- 
serving how it behaves in the blast furnace or grate 
of a draft furnace wherein it is burnt; but such expe- 
riments demand much time, and are expensive. Che- 
mical analysis or simple laboratory assays, when united 
with experienced observation of external properties, 
often obviate the necessity of employing those on the 
great scale. There is seldom occasion for a complete 
analysis of a fuel ; it is suflSicient generally to deter- 
mine the proportion of water, ashes, and sulphur which 
it may contain, by the methods we are about to describe. 



L— DETERMINATION OF WATER. 
The amount of hygroscopic water contained in a 
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fuel is ascertained in exactly the saine manner as that 
I "before indicated for the same when contained in ores. J 



IL— DETERMINATION OF THE ASH. 

Weigh 1 to 3 grammeB of the fuel in a broad and 
Kflat platinum capsule, or, still better, in a small tray 
■ of that metal, made for the purpose, with a fiat bottom 
md slightly raised edges; spread the specimen to be 
assayed in a thin layer thereon, and pla^e it in tlie 
muffle, submitting it to a gradually increasing tem- 
perature, in order to guard against any loss arising 
from projection by decrepitation, &c. As soon as the 
combustion of the coal appears complete, withdraw very 
gently tlie capsule or tray from the mufde, and weigh 
a cooled under the drying-belL Heat the residuum 
n until two consecutive weighings are identical. 
'6 desire to ascertain the composition of the ashes, 
illect the residue left after the incineration of several 
pecimena ; the (quantity obtained must be sufficient to 
■permit of a complete a,nalysis, which is performed nearly 
s tliat of an iron ore ; the constituents of the ashes 
■of most coals being chiefly iron, silica, altmiina, lime, 
Kmagnesia, and traces of alkalies. 



III.— DETERMINATION OF THE SULPHUR. 

Transform the sulphur into sulphuric acid by treating 
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the fuel reduced to very fine powder with fuming 
nitric acid. The details of the operation are exactly 
the same as before given with respect to an ore. Bro- 
mine may be used with advantage in place of nitric 
acid. See Note 5. 



IV.— CALORIFIC POWER— HEATING VALUE 

OF FUEL. 

The only method to ascertain the amount of calorific 
power suflSiciently simple of application for an industrial 
laboratory is that proposed by Berthier : it depends 
upon Welter's law, according to which the calorific power 
of diflferent combustibles is proportional to the quantity 
of oxygen they combine with in burning; but this 
law is not exact : for instance, one part by weight of 
hydrogen requires to change it into water only three 
times more oxygen than one part of carbon requires 
to change it into carbonic anhydride, but the calorific 
power of the first body is four and a half times greater 
than that of the second. Berthier s method, therefore, 
will not give absolutely exact results, and the calorific 
power as thus given will always be found a little too 
feeble. The error is about -J^th. Still the results 
obtained may be of use, for the question is not so 
much to determine the true calorific power of any 
one fuel as to compare the calorific powers of different 
fuels. 

The direct determination of the quantity of oxygen 
necessary for combustion is difficult ; we are, therefore, 
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led to employ an indirect metbod. We heat a small 
quantity of the fuel to be tested with an easily m- 
ducible oxide, such as oxide of copper or more tiaually 
oxide of lead. By this treatment the solid fuel employed 
ImrDS entirely at the expense of the oxygen of the 
metallic oxide with which it is mixed. By ascertaining 
the amount of metal reduced from the oxide, we can 
■calculate the quantity of oxygen which has been neces- 
sary for combustion of the fuel 

The oxide of lead is preferable to any other, on 
laccount of the facility of fusing the reduced lead or 
the oxide itself When the assay is over, we can thus 
■■easily collect the metal at the bottom of the vessel 
'in which the operation has been performed. 

The experiment is made with one gramme of the fuel 
very finely pulverised, and mixed with 30 to 40 grammes 
licrf litharge also in fine powder ; the mixture is carefully 
I in the bottom of an eai-then crucible, and 20 
I 30 grammes of pure litharge placed over it, A 
mnall porcelain mortai- is best for mixing the materials ; 
md it should be cleaned out afterwards, as well as the 
:, with some litharge, which should be used after- 
[Vards to cover the mixture in the crucible. The litharge 
! then covered with a layer of 4 to 5 millimetres of 
jwwdered glass, which must be free from lead or 
■other easily reducible metals ; the crucible, on a stand 
■(Jromage) and covered, is placed in a small blast furnace 

efstrom'a), unkindled coke heaped round, and covered 
■"With incandescent charcoal. The fire is thus kindled, 
■commencing at the top ; the mixture becomes heated 
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in the same direction, so that there is no apprehension 
that any volatile part of the fuel to be assayed can escape 
the oxidising action of the lithai-ge. Heat for about 
an hour, progressively raising the temperature to a 
bright yellow heat. The volatility of lead must be 
taken into consideration ; to avoid the errors which 
that might occasion, we should not continue the heat 
after the reduction of lead is complete, nor raise it 
needlessly high, and make all our experiments under 
* the same conditions as to duration and temperature. If 
the heat be too rapidly applied, the litharge may fuse 
before the coal is entirely oxidised ; in this case par- 
ticles of the fuel, owing to their small density, would 
rise to the surface of the melted mass, and would'burn 
there without acting upon the litharge, even though 
very little air had access. The crucible in which the 
experiment is made should be at the most but half 
filled; without this precaution there would be con- 
siderable loss from the swelling of the mixture. When 
the mass is melted, withdraw the crucible from the 
fire, let it cool, then break it, take out the button of 
reduced lead and weigh it. 

If the assay be well performed, the button detaches 
easily, has clean curved surfaces, and can be easily 
flattened under the hammer ; if not so, the assay should 
be repeated. Two or three repetitions of experiments 
are indispensable, and they should not be considered good 
imless the weights of the buttons of lead do not diflfer 
more than one or two decigrammes from each other. 
Take the mean of the various results, and by this 
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r 

^Bftlculate the value of the fuel; this value is expressed 

^HSther in pure carbon, upon the basis that S4 parts of 

lead correspond to one part of carbon, or in units of 

heat (calories), it being granted that each part of lead 

corresponds to 230 French or to 912,G5 British units. 



I 



^— TESTING COAL WITH EELATION TO ITS 
PBODUCTION OF COKE. 

It may be necessary to determine the amount and tlie 

quality of coko produced by a particular kind of coal; or 

^the proportions in which different sorts of coal should 

^^ue mixed in order to obtain coke of good quality. In 

^^Hther case, put SO to 50 grammes of the coal or the 

^^piixture to be tested into a crucible; provide the 

^^Wucible with a cover, having a small aperture for 

^Klie escape of gases; lute the cover carefully to the 

crucible, and put it into the wind-furnace. Arrange 

■ the fire as for an iron assay. When the crucible or 

crucibles (for several experiments may ho performed at 

once) are cooled, break them ; weigh the coke obtained, 

and examine its quality. The difference between the 

^_ weight of the coal employed and that of the coke 

^kporresponds to the amount of gas and volatile products 

^Bexpelled by heat. 

" The manner in which the assay has been heated, 

and the duration of the operation, influence the quality 

and quantity of the coke. If the cover Le not well 

^Ljuted, the air may enter, and by burning some of the 
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coke diminish its amount Nevertheless the luting of 
the covers must preserve a small aperture for the 
escape of the volatile ingredients of the coal. It is 
necessary always to operate under like conditions. 

Laboratoiy experiments do not furnish results per- 
fectly according with those conducted on the large 
scale, but the hints they give are useful, especially 
when comparing diflferent fuels. (40) 



SUPPLEMENTARY NOTES BY TB 
AUTHORS. 



L— ASSAY OF SUBSTANCES CONTAININQ 
ZINC. 

The volumetric method being tlie only one employed 
for the industrial assay of these substances, we shall 
not describe any other. The plan of our work will not 
permit us to dilate upou processes of complete analysis, 
generally very tedious ; for the composition of zinc 
Ores, cadmia (i.e., flue-dust), &c., is almost always more 
jomplex than that of iron ores. 

Zino ores, and those other substances containing zinc 
fhich we may have to assay, contain this metal in 
ihe <3tate of an oxide, sulphide, carbonate, or silicate. 
!!hey may contain variable proportions of oiides of iron, 
langanese, lead, copper, and cadmium, the sulphides 
and carbonates of these metals, various silicates and 
gangues insoluble in acids, and, finally, carbonates of 
■calcium and magnesium, and sulphides of antimony 
.and arsenic. 

If the substance to be tested does not contain a, 
notable quantity of lead, copper, cadmium, or man- 
ganese, the assay is made in the following manner : 
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Treat 0,5^'^* to 1 gramme of the substance with hot 
hydrochloric acid, to which add, towards the end of the 
operation, some drops of nitric acid, in order to change 
the protosalt of iron which may exist in the solution 
into a persalt; then evaporato to dryness, and treat 
again with a few drops of hydrochloric acid and a 
small quantity of hot water. Having neutralised with 
ammonia, add an excess of carbonate of ammonium 
in solution. Heat to collect the precipitate; let it 
deposit, then filter and wash with hot ammonia water. 
Almost all the zinc is kept in solution by the excess 
of ammonia employed ; nevertheless, the precipitate 
containing the peroxide of iron and alumina still retains 
a small quantity. In order to. obtain the whole of 
the zinc, dissolve the precipitate with hydrochloric acid, 
and treat the solution in the same way as the first. 
Wash the precipitate again with ammonia water, and 
continue the washing until a small portion of the 
filtered liquid tested with hydrosulphide of ammonium 
remains perfectly clear. The small quantity of zinc 
lost from the mass for the purpose of this testing has 
no perceptible influence on the final result. The two 
amm6niacal liquids are then united. 

If the ore contain lead, add sulphuric acid to the 
first solution before evaporating to dryness, and treat 
the residue with dilute sulphuric acid. The lead 
remains as a sulphate with the silica and lime ; let it 
deposit, filter, wash, and then treat the liquid with 
carbonate of ammonium. 

We may also abstract the lead by treating the acid 
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I solution with u cuixent of hjdrosulpburic acid. This 
I process is necessary when the ore contains copper. 
I Lead and copper are then precipitated as sulphides; 
I separate the precipitate by filtration, evaporate the 
1 filtered liquid to dryness, taking care to add towards 
I the end of the operation a small quantity of nitric 
■ acid, in order to peroxidise the iron which the hydi^o- 
Igulphuric acid had deprived of its oxygen. The rest 
if the operation is the same as above described. 
A simple method of separating the lead and man- 
I ganese at the same time is to add to the ammoniacal 
I Bolntion, before separating the precipitate of oxide of 
I &c., a few drops of a solution of phosphate of 
tdinm. Insoluble phosphates of lead and manganese 
e formed ; the zinc remaining in solution. 
When the ammoniacal solution is prepared, we pro- 
with the volumetric determination of the zinc 
t contains. For this purpose several methods have 
ieen proposed : one only has been successfully prac- 
Bed — that based on the faculty that oxide of zinc 
I an alkaline solution possesses of fonniug a white 
cipitate of sulphide of zinc under the action of 
Enlphide of sodium. By dropping from a graduated 
iiurette a standardised solution of this reagent into an 
ammoniacal liquid holding zinc in solution, we learn the 
quantity of the latter from the volume of the solution of 

I the sulphide required to effect complete precipitation. 
The precipitate of sulphide of zinc does not deposit 
hipidly enough to allow ua to judge of the end of 
the reaction by the cessation of the precipitation ; it 
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is necessary to look for another indicator. Several have 
been proposed. We shall mention four, which are all 
based on a change of colour produced by the. solution 
of zinc when it contains an excess of sulphide of 
sodium. 

l«f. By Hydrate of Peroodde of Iron. 

Add to the ammoniacal solution of zinc two or three 
drops of a solution of perchloride of iron; red brown 
flakes of hydrate of peroxide of iron, which fall to 
the bottom of the vessel, are formed. Under the action 
of sulphide of sodium these flakes become gradually 
darker coloured, greenish, and finally black; the sulphide 
of zinc does not produce this reaction on the hydrate 
of peroxide of iron, but the latter once blackened does 
not again become red under the action of an ammo- 
niacal solution of zinc : we must take care that it does 
not come in contact with the sulphide of sodium before 
all the zinc be precipitated. We succeed in doing 
this by letting the flakes of hydrate of peroxide of 
iron settle to the bottom of the vessel before each 
new addition of the standard solution. We may con- 
sider the reaction ended the moment the hydrate of 
peroxide of iron becomes grey or black ; but all these 
assays should be performed in the same way and in 
the same space of time. It has been proposed to 
replace the hydrate of peroxide of iron, which, on 
account of its lightness, rises easily, by a strip of paper 
soaked with the perchloride of iron, and ballasted with 



I 
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a glass rod or a platinum wire ; or by slips of unglazed 
and half-baked white porcelain soaked in solution of 
the same salt. 

2nd. By Cldoride of Nickel. 

"When from the appearance of the precipitate of 

Bulptude of zinc, or by the quantity of the standard 

solution of sulphide of sodium employed, we judge 

that the reaction is nearly at an end, we should then 

add the reagent by only a cuhic centimetre at once and 

finally by tenths of a cubic centimetre at a time, taking 

care on each occasion to shake the liquid well. After each 

r«dditioQ let fall a drop of the liquid on a white porce- 

a. plate, and to that add one drop of a dUuted solution 

r chloride of nickel As long as there is no excess 

B'of the sulphide, the extreme edge of the drop of 

j.ehloride of nickel remains blue or green ; but with 

lithe least escess it becomes greyish black, and even 

f. deep black if the sulphide be in notable excess, 

Srd. Bi/ tlie NitroprusBide of Sodium. 

Operate exactly as with the chloride of nickel The 
'sulphide of sodium possesses the property of producing 
with the alkaline nitroprussides a rose, violet, or red 
purple colour, according to the degree of concentration 
of the liquids. The reaction has terminated when the 
addition of one drop of the nitropnisside to one drop of 
the liquid assayed produces one of the colours just 
indicated. 
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4itk, By Paper prepared with a Salt of Lead. 

Salts of lead having the property of becoming black 
under the action of sulphide of sodium, we may make 
use of them to recognise the presence of this combina- 
tion in the solution of zinc. As we cannot employ a 
solution of a salt of lead, because the sulphide of zinc 
colours it, we use paper impregnated with or covered 
with a salt of lead as described under Test Papers. To 
ascertain the end of the reaction, wet the paper with a 
drop of the assayed solution. If it contain sulphide of 
sodium, it will produce a brownish-yellow spot, or even 
a black one if the sulphide be in excess. 

In order to ascertain a minute excess of sulphide, let 
a larger drop fall on the first drop ; the least difference 
of shade indicates the end of the reaction. 

Fixing the Standardised Solution. 

The solution of sulphide of sodium is made by dis- 
solving 25 grammes of the crystallised sulphide in a 
quantity of water sufificient to obtain one litre of liquid. 
We determine the standard by means of a solution of 
2 to 5 decigrammes of pure zinc in a small quantity of 
dilute hydrochloric acid. Having added to the liquid 
an excess of ammonia and carbonate of ammonium, 
pour in the solution of sulphide of sodium until the zinc 
be completely precipitated, which we can ascertain by 
one of the methods above given. It is well to operate 
with the quantities of zinc and the combinations of 
ammonium, and a volume of liquid similar to those we 
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mploy in assaying orra, that we may be as nearly as 
ssible in the same conditions for each operation. 
The end of the reaction being indicated by a slight 
9 of the sulphide of sodium, it is necessary to aacer- 
a this excess by a special test, which is made in the 
Bellowing manner : — ^Drop the sulphide into a volume of 
)us solution of ammonia equal to that used in the 
, until the indicator marks the end of the reaction 
with the same intensity as at the time of the determi- 
nation of the standard. The excess of sulphide thus 
Iltscertained must be subtracted every time from the 
Volume of the standard solution employed. 



res 



t 



U.— ASSAY OF SUBSTANCES CONTAINING 
LEAD. 

The assay by the dry method is the only one made 

e of in industrial laboratories, and sales are made only 
in accordance with the results it furnishes, though these 
results do not express the real proportion present in the 

ibstance assayed. 

Alkaline fluxes are always used, as they alone pro- 
duce easily fusible slags, and pennit rapid operations at 
a relatively low temperatm-G : without observing this 
condition, we should be liable to obtain erroneous 
results, owing to the volatility of the lead. We cannot 
detail here all the mixtures which may be used, nor all 
the modes of conducting the assay, as such would exceed 
the limits of this work ; we shall merely describe the 
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method most commonly practised in industrial labora- 
tories for analysing these ores. 

The assay is made with 10 to 30 grammes of the 
substance, finely pulverised. If the ore contain sulphur, 
mix it with once or twice its weight of dry carbonate of 
sodium, and put the mixture into a paper comet or case. 
In a wind-furnace, which should not be very deep, heat 
a crucible of forged iron to redness, and clean its interior 
with fused carbonate of sodium; heat it again, and when 
it has attained the proper temperature, a yellow heat in 
daylight, put in the paper comet containing the mix- 
ture to be acted upon. Cover the crucible, and heat it 
for about five minutes without closing the furnace, then 
urge the fire for ten minutes, so as to obtain at the end 
a temperature sufficiently high to render the mass very 
fluid, and in a state of tranquil fusion. Then withdraw 
the crucible from the fire ; cause the grains of lead pos- 
sibly adhering to the sides to fall to the bottom and 
unite with the button, by shaking the crucible and 
striking it lightly upon the floor ; then pour the whole 
into an iron ingot mould in the shape of a cone, with 
the apex downwards. We may also pour first the 
greater portion of the scoria on to a metal plate, and 
only make use of the ingot mould for the last part con- 
taining the lead. As soon as the slag has solidifiedj a 
blow of a hammer suffices to separate the button of 
metal ; clean the latter by brushing it, and subjecting 
it for a few minutes to the action of dilute sulphuric 
acid, then dry and weigh it. 

If the ore contain earthy matter, gangues, or oxide of 
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iron, add to the carbonate of soda 4 to 5 grammes of 
powdered glass of borax : this reagent serves to vitrefy 
tlie lime, magnesia, &c., which, without that, would 
remain suspended in the scoria, and diminish its fluidity. 
When oxidised ores have to be assayed, the flux should 
be a reducing one ; employ for this purpose either black 
flux, or a mixture of carbonate of sodium and crude 
tartar (Argol) in the proportion of two parts of the 
first to one of the second. Add borax to this mixture, 
if the ore contain matter not vitrified by the alkaline 
carbonate alone. The assay is performed in the same 
manner as that for sulphuretted ores, with carbonate of 
sodium. 

Reducing fluxes may also be nised with sulphurous 
ores. If the ore contain silver, it passes into the button 
of reduced lead, whence, if we want to determine its 
amount, it must be extracted by cupellation, or by solu- 
tion of a known weight of the lead button in nitric acid, 
and precipitation of the silver from the largely diluted 
solution by hydrochloric acid. Cupellation, when 
thoroughly perfoimed, is, no doubt, the most exact 
method of fixing the standard of silver contained in 
lead. Directions have been minutely given by Plattner 
and others for its determination by blowpipe assay, by 
cupellation, but they can scarcely be viewed with perfect 
confidfence. (41) 




NOTES BY THE EDITOR, 



. The editor writes from ius experionco of somo yoara in his own 
dMintoiy, whicli for same years was ia tlie midst of large engineering 
a, when hs states tHat, whilst it is quite possible to procuTB an 
le and constant snpply of quite pure distilled water from steam 
a off from tlie hoilera of factor; engines, Iry tin employment of 
ir fricavlions, it is quite impossible to obtain it except in a more 
K impure state by the methods usually employeil for taking the 
n off and foi condensing it. As steam comes rushing throuf^h 
^a large steam pipes from the boilers to the engines, it hringa along 
iHth it sometimes meclianicaUy-carried earthy matters, or even eemmon 
It carried tip with the steam, but always organic matt^ira from the 
\, tnUow, packings, &c., and occasionnlly sensible traces of copper 
id iron, 4c The impurity always to be guarded against, however, 
I greasy oiganic matter, which, small as it ia in quantity, may cause 
I obscurities, and produce n film of grease upon the glasa 
IS diesgreeable and hard to clear away. 
The editor found fiat the be$t method to obtain absolutely pure 
employ the heat of the engine steam to redistil water 
tarioasly condensed from tha steam boiler, from a thiu Bllvor alembic, 
I water being maintained therein at a nearly constant level by a 
imple float arrangement (the converse of that commonly employed to 
Ischarge condensed water from stcnm pipes), and to condense tha 
IP from the alembic in a long silver tube enveloped in a current of 
Old water, Bnt water sufficiently pure for almost any laboratory purpose 
m be obtained directly from the usu^ soi'ts of nteam engine bailers by 
a following precautions : — The steam should ho taken off as far aa 
luble from the holler itsi^lf, end by a rather small tube from the 
n pipe, above which it should rise vertically for some feet, and 
i pass through a Lirga, wcU-bumt stoneware pipe iiUed faU of 
[Uartz pebbles, carefully washed in dilute hydrocliloric acid, and 
la exposed to boiling watsr for some time. , 
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If the surface be sufficient in sucli a tube of pebbles (not bigger 
than large x)eas) the whole of the organic and mechanically-carried-up 
matters (not soluble) are separated by contact action; and if the 
steam boiler be fed with reasonably pure natural water, and there be 
no copper or brass in stop valves, &c, between the boiler and the place 
of taking off the steam, scarcely anything can be detected in the 
distilled water after the apparatus has been some days at work. The 
condensation was effected by the editor simply by passing the steam 
from the stoneware tube vertically upwards into a large Grerman glass 
tube immersed externally in a constant run of cold water. The store 
of distilled water was kept in stoneware jars of the largest size, with 
ground-glass stoppers. Thence for immediate use it was transferred to 
a globular bottle of (bright nietal) crown glass, with a ground stopper, 
the bottle, which held about a gallon, resting upon a small balanced 
stand, on the laboratory table, so that it could be tilted easily, to draw 
off water. 

Cocks, however made, are objectionable ; the moist uncovered sur- 
faces collect dust and other impurities. Flint-glass bottles are inad- 
missible for holding pure water. 



2. Serious accidents have originated in the blowing out of the stoppers, 
or by the bursting of large bottles of ether, exposed to much radiant 
or other heat in laboratories. 

The store bottle of ether is best kept within a cylindrical tin 
canister, and in a part of the laboratory as remote as possible from 
furnaces, gas flames, or direct sunshine, &c. 



3. Belgian zinc is much purer than British or German, and ** punch- 
ings" out of Belgian sheet zinc, m a perfectly clean state, can be 
procured in London from the zinc workers, which are very convenient 
for the evolution of hydrogen. 

Perfectly pure hydrogen, however, cannot be obtained at once from 
any zinc of commerce, and if so evolved, it should be passed through 
a strong solution of caustic potass, and then through one of bichloride 
of mercury, if needed pure. 

Pure hydrogen may be evolved from sodium, or by the galvanic 
decomposition of water between platinum electrodes, where the volume 
required is not large. 



w~ 
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^H[ i. Tincjlindrical cuniBterairith covers, orthoso of hard wood tarnol 

^^pdloiv, wiUl capa to slip on, are uscil in oil tlie Genniin Uboratories to 

BlvaBerTe prepnratioiis acted on by !i;;1it, and are much aore conTcnient 

tbiw shutting the bottles np in cnpbonrds and drawers. Bottles of tlia 

opaque bliLCk glnss, rumialied by some of tlie chamical nppamtns 

dealers, are objectionable, a9 it in impossible to jnd^E of the state of 



I 5. At existing prices in comraercB it ia scarcely wortli ■i\]dlp, in any 
pdtish laboratory, to attempt the diaagreeablB jiruccss of recovering 
r bromine or iodina reaidnea. Tlicy ara beat bargained for at 
ir tbIqb with the chemical dealer who supplies the laboratory. 
1 firoroine, as has been shown by Dr. Waage, may with advantage be 
Jiloyed aa a^^eneral oitidising agent in the metallurgical taboratury. 
K may ba employed in three forms— as free bromine ; aa a Eolation in 
r, which, at ordinary temperatures, does not contain more than 
^per oent. of bromine ; and in solution in strong hydrochloric acid, 
which disaolvea nbotit 19 per oent. Sulphides, even iron pyiitea in 
crystals, are readily decomposed by bromine. Salphor ia by it mora 
rapidly oxidised than by strong nitric acid; and precipitated sulphides 
are thna easily broken up, and brought to a state fit for weighing, 
without ths neceasity of burning the filter. The presence of am- 
moniacnl salts (with which bromine liberates nitrogen) hinders the 
formation of peroxides in acid solntlona of cobalt, nickel, and man- 
ganeae, but does not iutorfore with .tliat in the liko solutions of iron, 
tin, and mercury. (Fresenius, Zeitschrift, 1872.) Tlie ndvantagesof 
bromine water over chlorine water aa an oxydant are considerable. 
According to the writer's obaorvation, bromine and iodine together 
it mare energetically in breaking up east iron, for liberation of its 
, than either alone ; and bromine, through which chlorine has 
in pasaeil, acts more rapidly than that element alone. 



I, Dnpasquier some years ago (Comptes Rendns, t. x\. 1845) 

da Tery aimple and elegant method of depriving the sulphuric 

■dd of commerce of ita most miachievous impurity — namely, arsenic, 
which exists in it a.^ arsenic acid to the amount nf -001 to -OOIB, 
•eeording to Dupaaqnior. His method conaiats in adding to the 
impnre acid a sufficient amount of sulphuret of bariimi t" ]ireaipitate 
any excess of the barium ia precipitated aa insoluble 
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sulphate. This method is useful as enabling the acid of commerce to 
be used for many laboratory purposes, owing to the slight solubility of 
sulphate of barium. However, it is at least doubtful if this method 
leaves an acid absolutely pure. 



7. Sulphuret, or sulphide of iron, is so readily procured in commerce 
now that it is never worth while to prepare it in the laboratory. 

For those who may be so circumstanced, however, as to require to 
prepare it, the best and easiest method is to heat the extremity of a 
flat bar of iron (of about iin, by 2 in.) white hot, and bring it into 
contact with a piece of roll sulphur ; the iron combines readily, and . 
the fused sulphuret which drops off may be received in a vessel of 
water. 



8. If a solution of tartaric, or even of citric acid, which is still more 
readily alterable, be made with boiling distilled water, free from 
organic matter, and the hot solution without filtration decanted into 
a stoppered bottle, it remains good and free from mould for a very long 
period. 

9. Notwithstanding what is here said in the text, it is indispensable 
to keep caustic potass, and soda always in solution. The only real 
difficulty in doing so consists in this, that finely-ground glass-stoppered 
bottles must be used to contain them, and that strong caustic alkaline 
solutions act sufficiently rapidly upon ground surfaces of glass to cement 
the stoppers into the bottles, even in a few days' time, so that they 
cannot be got out. 

A simple and complete remedy for this is to thirUy coat the ground 
neck of the bottle and the stopper, both being dry and warm, with 
paraffine and hard tallow melted together in equal volumes. 

This is not sensibly acted upon : keeps the stopper perfectly air- 
tight, and prevents its sticking fast. The bottles used should be hard 
German glass or British (bright metal) crown glass ; and after long 
standing it is prudent to see if the solutions have taken up any silex 
from the glass, as well as any carbonic acid from the air. 



10. The lime employed should be obtained by calcining in a porcelain 
tnbe, with free access of air, and a little water-vapour passed through 
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Lieatonesnre free from magiieaift 



11. The nitre of commarcK, though well oryatalliBed, frequontly con- 
tains aodium, as sulphates and uhlorides of that and of potassiom. By 
bro crystallisatious, however, it may be readeted almost iinite pure. 



^fii. It haslieeii known for a considerable time that the hlackeniug of 
nitrate of ailver, or ita solutiooa, by liRlit depfenda npon tlie presence of 
organic matter, inclnding in that the dust ordinarily floating in the 
air. If the solution be made with dbtilled water, free from organic 
matter, and the nitrate of eilyer solution bottle bo kept in a tin ptate 
or wood case, and washed, rather tliau wiped with a cloth, externally, 
there will be but little of that blackening go generally and diaagreeahly 
bond about the month, Ao. 



^flaa,b 



L Test bottlea and their labels are a sonrce of trouble in all Uhora- 
i, but the amoont may ho minimised by a few judicious arrange- 
nenta often oat known or not attended to. 

The glaaa-stoppeted bottles thomselyea require to be well choaea^ 
the noeka not ton narrow, and with sufBciButly wide, thin, and wall- 
tmned lipM, to enable the solutions to be dropped or poored in a fine 
stream at pleasure ; steady dropping is impoeaiblo with thick, lumpy, 
ill-rounded lips. Ths stoppers, though ground finely, so as to be air- 
tight, ahouIJ not have an inauffioient taper (the fault of all rrancli 
bottles), for if so they get set fast, and the bottle often must ho 
doBtroyod to extract them. No stopper, if properly tapered and welt 
pound, need bo more thaji one diameter in length ; esce salve length is the 
great objection to French b toppers. The flat-topped (round or octagonal 
^aSB stoppers so common on Geiman bottlea are, on the whole, the best 
for solntioua. They admit of more force to oxtract them when se 
Swt than the common vertical and compressed form of stopper. They 
protect the lip a little from dust, but tliey are loss cosy to wash or 
wipo quite dean, and when chipped anywhere at the edge are daogerona 
to the hands. Battles holding ratlter loss than a pint, and of not too 
thick glass, are the pleasantest in tise, with stone bottlea of large; 
^JOM. In testing, glass stoppers taken oat should not be laid upon 
^^n table, but upon a plate of glass or porcelain to preserve their 
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purity. Glass cases for test bottles are always more or less trouble- 
some, but their use is, after all, desirable, especially iu laboratories 
established in the dusty precincts of iron works or manufactories, 
to prevent lodgment on the lips, &c., of the bottles. The fronts of 
glass cases for this purpose are best made to slide in grooves, or 
balanced to throw up towards the ceiling ; when hinged as doors they 
are liable to come in contact with vessels or apparatus. 

The labelling of test bottles, and of indeed all bottles in the labora- 
tory, is a matter also in which a little forecast avoids much occasional 
trouble and wasted time in rediscovering the contents of bottles with 
labels fallen off or obliterated by acid fimies, &c. For laige store 
bottles, the labels are best etched or written with a scratch diamond 
direct upon the glass ; and for the test acid bottles this may be 
employed, but unless the marking be very strong it is difficult to see, 
except in certain lights. For all other test solutions, paper labels are 
best These should be written with good black common ink, mixed 
with some ground Indian ink, which as regards acid fumes is practi- 
cally indelible, or so far as they can be procured, the printed labels for 
reagents now sold may be used. Gum or dextrine, as commonly 
used for causing the paper to adhere to the glass, is objectionaHe. 
Damp or laboratory vapours soon decompose these, so that the labels 
drop off. A species of isinglass glue is sold very commonly in France, 
and also to be had in London, known as *^colle forte afroid," which is 
the best substance the editor has found for this use. Yamishing the 
outer surface of the label has been occasionally practised, but is objec- 
tionable, as in wiping the bottles the varnished surface is scratched, and 
dirt then collects upon and defaces the labels. If varnished, Canada 
balsam in thin solution is perhaps the best. The so-called enamel- 
labelled reagent bottles sold by chemical apparatus dealers are ob- 
jectionable ; the labels are too large, and obscure the state of the 
interior of the bottle, so that accurate pouring is less easy, from not 
seeing the whole surface of the solution, &c. 



14. A few suggestions may here be offered with advantage as to the 
general arrangement of an analytical laboratory, more especially in 
ironworks- and other manufactories. A laboratory is decidedly best 
placed one storey, or some feet at least, above the ground level : 
directly on the ground, the damp is always objectionable, and the 
floor cold and rheumatic for the feet and legs. The whole floor is best 
on brick arches, but the place about the analytical tables, where the 
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iparator cHefly rflmaina, ahonld bo boarded, and that covared in 

iter witli a strip of cocoa-nut niattiug. Yew people leoliso hoiT 

Buch the activity of the mind, upon wLicli rapid and sure ehomical 

so miieh dependent, ia interfered with by constant, thongh 

perhaps unlieeded, bodily itiacomforC. The main light, except iu hot 

. best derived from a large top light, which Jiiay be made to 

sjiOTi upon exceptional oocaaions, but the ventilation ahoald be other? 

carried on, for dnst, especially in manufactories, should be care- 

nlly excluded. 

There should be, howover, at least one good window or side light, 

aoae, amongst other reasons, test tabes, &c,, must often be held 

waen the eye and the light to judge of colour, &c. In laboratories 

for students), where there are a large number of operators, it is usual 

1 necessary to place the working tables ubout the middle of the 

m, where the light is not so good ; but when there is only an analyat 

la few assistants, we much prefer the working tables to be close 

just the side light. TJie windows, if more than one, should be all 

3iie aids ; cross lights are bad. 

The north aspect, if obtainable, ia the host for the windows : a 
ing sunshine coming into the room, often succeeded by gloom iu 
□limate, interferes with perfect vision. 

L room of about 30 feet by 25 feet, and ID or IB feet high, is large 

loogh for much work. Three smaller rooms are best attached to it — 

Htore'room, for apparatus ami reagents ; a balance room, and a 

! room, which shall also contain aomu few volumes of standard 

of reference on chemistry, 4.0. These rooms are best at the 

itrancB end of the laboratory proper, and the approacli to the whole 

lould be through a small corridor and ante-cliamber, where coats and 

H can be laid aside. This, especially in factories, should have 

ible doors to exclude dust and draughts as far as possible, Fuel, 

-wood, coarse laboratory stoves, carboys of acid, distilled wafer, &c., 

lould have one of the arched rooms beneath appropriated to them. 

Another should be devoted to the preparation of certain reagents to 

hereafter referred to ; and from a third the fresh air for ventilation 

rf the laboratory sbould be taken olf, Tlie external sir should be 

Con^t in, sifted from dust, through a large sheet of copper wire 

gauze (broshed occaaionBlly), and thence conducted up throngh floes 

bf about 15' K 7" in the arched flooi' and walls of the laboratory, to 

or more apertures, discharging through regulating ventilators into 

room at about midheight, between floor and ceiling ; or, if demred, 

itil! liighcr. 

ira ' 
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In rigorons climates means shonld be provided for wanning the 
snpply of fresh air in the louver apartment by a coil of hot water or 
steam pipes. 

The entrance to the laboratory being at the west end, and the 
northern windows thus as we enter on the left hand, the further end 
will be the best place for the furnaces, the floor for some six feet wide 
in front of these being tiled or bricked. Prominent amongst the 
furnaces should be the flat sand-bath, which also gives the means 
ordinarily of warming the room. An iron hood should extend over all 
the furnaces, and for the space of the sand-bath and the iron plates 
around it, should be formed into a glazed-in chamber ; the wall here 
being lined with glazed white tiles, and a movable shelf or two of 
thick plate glass (nine inches wide) projecting from the face, and 
resting on pottery or glass brackets. These are very useful for laying 
aside slowly-precipitating solutions, &c., requiring some hours' repose 
in a warm place. 

Also a good and capacious drying-closet or oven beneath the sand- 
bath is very useful. The glazed iron fronts of sand-bath chambers 
such as these, are commonly hung like house sashes, with balance 
weights to throw up and down, but this plan never works smoothly or 
well. It IS much better that the front consist of two or three panes of 
thinnish sheet glass loosely secured by pins into rectangular wrought- 
iron frames, of a light sort, hinged at top, and balanced so as to 
throw up towards the ceiling, moving radially round the top edge. 
Being balanced, any one of these remains up until pulled down and 
latched by a catch at the bottom edge. The writer has experienced 
the comfort of this arrangement in the place of the usual ones, in 
which the glass gets continually broken, by jamming of the iron 
sashes, by expansion, &c., or by imequal heating of the glass plates. 

About 6 or 7 feet by 3 feet will be occupied by this sand-bath 
furnace ; and where practicable it is best that the fire-place, or small 
stoke-hole of it, should open (through the wall of the laboratory) 
n external shed, so that the fire can be lighted and kept up by a 
attendant from the outside, and so the dust, &c., of a fire fed from 
within the room be avoided. 

The draught from the sand-bath fire may be conducted through a 
wrought-iron tube for some 15 feet or so in height, the tube being 
placed within a pretty capacious brick flue formed in the wall. This 
flue is kept sufficiently heated thus, so that the air from the laboratory, 
close to the ceiling level, being conducted into it, by means of six or 
more ventilating apertures iu the walls (intermediate to those for 
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introduction of rreah air), a good, out-drauglit shall be secured, and ao 
Tsntilntion kept np witliont opening doors or wiadowB, the Jntughts 
from which derauge the gas Hames on tho tables, and iutroduce 
dust, &c. 

The north-east corner henoath tlio !icod should be occuiiiod by a. 
rtont WTOUght-iron plate or table about 5 or 6 feet long by 3 feet 
wide, at tho same level us tlie saod-bath platea. Thia is very useful 
Jbr combustions, for sniiJl furnace operations, ftc,, the wall being here 
provided with sevend apertures leading into ous or more flues. 'SBst 
to it, southward, stands the aand-batli, and further sonth, beyond it, 
he other famaccH, The iron table is beat with a glased front to throw 
tp like that of the sand bath, so that protracf:ed gas evaporations, &c., 
an be conducted within it without annoyance, lience coal gas should 
le bud on hero ns well bs to tiie tables. 
The other furnaces nsnally needed are — a muffle furnace, both for 
.y by eupellation, and for scorifying ore, kc, ; one, or perhaps more, 
tssay melting furaaces, for which no better model can bo had than 
Ithnt of those habitually iu uao in Cornwall r and a good wind melting 
■famace, capable of melting wrought iron, aiid largo enough to leceiva 
ft crtidldo of 8 inches diameter. A chimney of 40 feet high will give 
efficient dlanght; but in factories, when possible, the laboratory 
le fines are led away to some neigbboaring lofty stalk. 
At about tho centre of the sooth side, a pretty capacious aperture 
flirongh the wall should be occupied by a. gas reaction chamber. The 
bottom or table of this should be ahont 3^ feet from the floor, light 
Admitted by the exterior surface of the chamber being close glazed, and 
'.'(he chamber cut off from the room internally, by a glazed, well-fitted 
irililing door. None of tho woodwork of this or of the laboratory 
generally should be painted, hut only varnished. A ventilating tnbg 
^onld lead out of this gaa chamber to the out-draught ventilating 
flue, and au in-draught lube from the fresh-air flues. 

a well-provided laboratory a store of two at least, if not three, 
■of thegreatgaBoousrenctives, viz., sulphuretted hydrogen, chlorine, and 
Mrboiuc anhydride, should be maintained in the lower room already 
IVeferred to, Theae gaaca are generated iu large apparatus on tho 
'Ilrineiple of Doberaincr'e, already described in the text, in which a few 
iecbic feet of gas can always be kept under tho pressure of two or three 
[ liq^uid. From these the gases should be conducted np in 
diatinctively coloured leaden, glass, or gutla-perclia tubes, to the ga^ 
chamber, arid there provided each with a attip-cock, and each witli 
4alf-a-dozen small india-rubber nozzle tubes, to which tiio glass 
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tubes for immersion in the solution to be acted on can be attached. 
This storage of reactiYe gases saves a vast amount of time, and with 
the thus-constructed gas chamber saves stenches in the labaratoi^ and 
ii^uiy to health. 

A supply of water, ample and unfailing, must be provided, and 
this should command a height of a few feet above the level of the 
ceiling, in order to admit of what may be thought a luxury, but 
which is in fact one of the most valuable adjuncts that can exist in 
a laboratory, viz., an instrument of the nature of the Tromba, or water 
blast, which affords at all times a powerful blast of atmospheric air- 
either for small furnaces, or gas or other large blow-pipes, and of 
exhaustions analogous to that of the Sprengel air-pump. This, as con- 
structed at the Physfcal Ijaboratory of the College de France, at Paris, 




Kg. A. 



by M. Jamin, consists of a cylindrical copper vessel of about 24 inches 
long by 10 inches diameter, with its axis horizontal, placed above the 
laboratory ceiling (in the roof or apartment above) ; into this, water 
from the supply is introduced through a pipe (1^ inch diameter), with 
a stop-cock for regulation ; from the lower side of the cylinder, three 
or four pipes, each about f inch diameter, descend to the level of the 
groand below the laboratory. Each of these has two smaller air-pipes 
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soldered into it, issuing from ttro boiizoQtal tabes, a a, cloae to the 
cylinder above the water level therein, and branched into the descending 
water-pipes close beneath the cylinder, as shown in Fig. a. Bj these 
nr 13 constantly drawn in through a a (these tubes join into one) and 
passed down with the descending current of water ia the tcibea c 

At the lower end, the tubes c pass into a copper cylindrical vessel 
with open bottom, inverted into a small cistern of water, the two 
being much like the arrangement of a gasometer (Fig. b). In this the 



-TL 



u 



0. ThB copper ftna wntar sopsrating vesBol, Qpon-bottomod. 
h. Tbo cl9t<m coDUining <t. 

d, Tba dflatsendln^ water and air-^pe. 

f. ^e air blast pipe ascending to the laboratorj. 

dntwik-dowu air under the pressure due to the descending column, and 
to the depth of water in the bottom cistern, is separated from the 
water, the latter running off to wnsto. 

Ji pipe {e, Fig. b) is led from the top of the copper air vessel at 
bottom np to the laboratory; and it is only nocessaiy to open the 
ttop-cock thereon to have at once a steady, poweiful blast, regulatable 
ttt wUL The possession of such a blast enables work to be done with 
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gas burners or gas fiimaces that would scarcely be credited by those 
who have only employed that of table bellows. With the fonn of 
bent gas blow-pipe, much used in Birmingham, for brazing and 
soldering, &c., which is held in the hand and supplied with air and 
gas by flexible tubes, a powerful blow-pipe brush of flame can be 
tbro¥m in any direction ; and, fusions with alkalies, &c, of minerals, 
may be efiected in a few minutes in platinum crucibles, with ease and 
cleanliness. For glass-blowing also, this beautifully steady blast, which 
leaves the bodily movements of the operator free from working bellows, 
&c., is invaluable. 

Conversely means being provided at the top cylinder (Fig. a) for 
putting the air apertures, a a, all uniting in the tube e, into connection 
with a pipe leading up from some part of the laboratory, it is obvious 
that exhaustion or aspiration is effected, with any degree of power up 
to that of the descending head of water. The main aspirator pipe in 
the laboratory is furnished with several branches and stop-cocks, 
which are brought to the tables reserved for filtration, and give the 
means, by the method of Bunsen, of greatly expediting these tedious 
operations. At the same time, the degree of exhaustion at its full 
amount is sufficient to maintain a moderate partial vacuum beneath 
large beU glasses, with sulphuric acid dishes included, for desiccation 
or evaporation at atmospheric temperature. 

In a laboratory situated in a factory, a constant supply of steam 
from some adjacent steam-boiler is of great value, and gives the means 
of heating a drying-closet for filters, &c., which may then be all of 
glass and wood, or, if desired, of warming the laboratory itself. Thus, 
with plenty of water, coal gas, for heat and light, steam, air-blast, 
vacuum; and reactive gases— all to be had by turning a cock — ^time 
becomes economised to the highest degree. 

With steam, too, boiling water for washing purposes can be had, as 
well as cold for the washing sink. This last should be capacious, but 
of strong glazed white pottery, and with a lead-covered, and slightly- 
inclined table adjacent, to lay soiled and cleansed glasses, &c., upon. 
The main sink is best placed at the north side of the entrance door, in 
entrance end of the laboratoiy, the wall at the other side of the door 
being occupied by presses for reagents, preparations, &c. The table 
blow-pipe, and apparatus for gas heating, may occupy the south side to 
the east of the gas reaction chamber ; and at the other side of that an 
air-pump, which is best on Deleuil's construction, where furnace or 
other gases are to be examined. This is also the place for the pneumatic 
troughs. 
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The general illumination of the room artiflcially, is best effected by 
^Aigand shaded burners, suspended over head from the middle of the 
ceiling. For night-work, a gas-light is also needed at each working 
table ; but chemical operations (like those of the painter) are badly 
conducted unless by daylight 

The reactive bottles in constant request are in student laboratories 
generally placed on shelves elevated from the centre of the table ; but 
that is a bad arrangement for analytical work, and we prefer that they 
should rest on narrow shelves occupying the piers between the 
northern windows, and so be close to the operator's left, leaving his 
tables quite free. Three northern windows afford spaces for three 
working tables, and four piers for shelves for reagents. There should 
bo a small white pottery sink at the south end of each of these tables, 
close at the operator's right hand, his reagents being on his left hand, 
and his table and work before him. Thus the three tables afford space 
for an analyst and two assistants. In a very extensive analytical 
industiial laboratory, perhai)s a distinct room for volumetric assays 
might be advisable. We have, however, sketched the arrangements 
for a first-class analytical laboratory for general industrial uses, and to 
which there may be many different degrees of approach. 

The arrangements may also need to be sometimes, though rarely, 
somewhat modified to meet the special requirements of some particular 
trades — as, for example, those dealing with oils or soaps, &c. But 
we are here to keep in view principally the analytical laboratory for 
metallurgic uses, and especially those related to iron manufacture. 

Upon one thing capitalists and proprietors of large ironworks may 
rely — namely, that make-shift laboratories, like make-shift tools and 
machinery generally, are the most expensive in the end. 

If it be worth while to take aid from chemical science at all, it is 
cheapest and best done by providing a competent analyst, with the 
best and most convenient instruments and apparatus that money can 
procure. It is evident, however, in most instances, in Great Britain 
at least, that this view is as yet not acted on. 



15. A shallow, light wood tray, partly filled with about half a pound 
of dry, unslacked lime in small fragments, is, in the editor's judgment, 
greatly to be preferred to the chlor-calcium apparatus of the text. If 
the latter be once upset and spilled in the balance case, the balance 
itself becomes soon corroded or useless. 

Dry lime is sufficiently hygroscopic, and if spilled does no harm. A 
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tray equal in length to the glass case, and not more than 2 inches 
wide hy 1} inches deep, and supported on two little wood slips 
dose up to the top of the glass case, and hehind the beam, has been 
adopted with convenience by the writer. 



16. Weighing precipitates upon the filter should never be done, 
unless through absolute necessity. Wherever practicable it is best to 
redissolve a precipitate so circumstanced again, and get it into some 
stable form that can admit of being desiccated, or even calcined, in 
a porcelain or platinum capsule, and weighed therein. Where weighing 
with the filter cannot be avoided, a very thin short test tube of about 
eight-tenths of an inch diameter, with a very light, well-fitting cork, 
is a lighter and better guard from hygroscopic change than double 
watch-glasses. The filter, loosely folded, is easily pushed in and 
taken out. 



1 7. The method of * ' double weighing, '* so important in cases demand- 
ing scnipulous exactness, is not referred to by the authors, nor indeed 
many other matters — as to the construction and manipulation of 
analytical balances— of importance to be known. For these the irorks 
on Analysis of Rose, and Fresenius, Watt's "Dictionary of Chemistry '^ 
(article. Balance), and the '*Traite de Physique" of Jamin, should be 
studied. 

The matter to be weighed is best always placed in the pan to the 
left of the operator, and the weights in that next his right hand. In 
making note of the weight ascertained, always do so before removing 
the weights from the pan : trust nothing to memory. 

A good analytical laboratory requires at least two sizes of fine or 
exact balances (none are better than those made by Oertling, of 
London), one capable of weighing up to 500 grammes, or even a kilo- 
gramme, the other to about 50 grammes ; with two larger beams (or 
German table weigh-bridges) for larger quantities needing little exact- 
ness, British grain weights are really just as convenient as grammes, 
but the whim of fashion with chemists now is for French weights and 
measures, the use of which sometimes simply is to produce an immense 
amount of trouble in comparing late with older works, &c. 



18. The advance in the manufacture of chemical apparatus of late 
years is such that graduated or gauged vessels, and measures of glass. 
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a aliraj-s fao bought much hotter than they can be mnde by the 
Blniat. From the very fact, Uoivevcv, tlint tlieao ore manufnctured 

Whoieeale, they aro not ulwaya constantly reliabis aa to corrcutnasa ; 
id hflocB tlioso to be employed constantly and for important purpoaoB 

ihould be. in the Grst instance, carefully verilicd by weighings of their 

lasnmed contents, and the constiin.t3 of error, ii' any, found and 

Wgistfired. 



IS, Several little contrivances have been made for self-regnlation of 
the supply of <!Oei gas to a burner when employed to maintain the 
ittX of either drjing'Btovaa or water-batha, so that, oucb fijced, the 
•tempErature ahall be practically coiifltunt. These are to he procured at 
Ihe principal dealers in chemical apparatus. 



Sft. KatinBm veBielB are rapidly injured by the flamB of ordinary 
itoal gBB — the texture of the metal becomes open, rough, and porous, 
n though the weight may not alter. For many other agents that 
bC not be brought into contact nith platinum vossela, see 
rresenius'a work on Analysis. 



21. In an analytical laboratory to be kept at work day by day, the 
'nufflo furnace had best bo regularly liuilt of lire-brick, ivhich has been 
nnctioned by the great experience of the Cornish and South Wales 

The portable clay furnaces of the French, &c , are very elegant to look 
*t, and very bandy for oocnsional use, but when kept at work from day 
In day their thin walls got so heated, and radiate so muclt heat as to bo 
'tmbesiable. Besides this, the same uniforniity of temperature cannot 
ke maintoiDed as in the more masHivB hrick fumaeo ; and moro 
Kuffles are bence lost and wasted hy cracking through brusi^ue ohangoit 
Id tempera tore. 



22. The "fiamp]ing"of copper ores ia Cornwall is executed with great 
tare and pretbion by tlio assayers, whose custom, however, is rightly 
■ever to take samples from heaps of ore imcrushed and in large lumps, 
■■ suggested in the text, as being capable of leading to grave errors, or 
"(Teu to fraud. A certain system os to taking the Mmples and redutinj 
tike Tolawo of an average sample ia adopted. 
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The Swansea assayers employ an admirable form of grinding mill for 
reducing to an impalpable powder the final sample, from which those 
for assay are taken. It consists of a spheroidal cast-iron mortar or pan 
which revolves upon a vertical axis. Within it works a cast-iron 
pestle, to which, by a simple but beautiful train of encyclical wheels, 
ua internal hypocycloidal movement is given, combined with a circular 
motion round the pan ; and at recurrent intervals a rectilinear diametral 
movement across the pan. The pestle is so arranged that its pressure 
upon the pan bottom can be regulated at pleasure. The whole is 
driven by a winch and porter wheel by a man or boy. The cost of 
one of these mills is said to be about £10, and such would prove a 
valuable item of apparatus iu any laboratory largely engaged on the 
analysis of ores of ii'ou, especially the harder ores. 



23. A third volumetric method for the determination of iron not 
noticed in the text, should yet not be wholly passed over — viz., that 
introduced by the late Dr. Penny, of Glasgow, and much employed by 
him for the assay of iron ores. This consists in the employment of a 
standard solution of bichromate of potassium, in place of the per- 
manganate of Marguerite. 

This process depends upon the fact that an acid solution of a proto- 
salt of iron, acted upon by one containing chromic acid, is changed to a 
persalt of iron, and the chrome to a sesquisalt, so that the reaction of 
bichromate of potassium and protochloride of iron is thus : — 

6 FeCl-h7 HCl-t-KO.CrOa =re2CP + Ka-hCr3C18.j-7 HO, 

as given by Percy (Metallurgy of Iron), who recommends this method 
as preferable to Marguerite's. The standard solution advised by 
Percy is of 305 grains of bichromate in 35,000 grains of water, 1,000 
grains of such solution being equivalent to 10 grains of iron. The 
iron solution is brought to the state of a protosalt by boiling either 
with zinc (of known degree of purity) or with sulpliite of sodium ; and 
the completion of the assay is determined by a test solution of red 
(feiTicyanide of potassium) formed by two or three grains of the salt 
to half-a-pint of water. Dr. Percy gives minute instructions (as 
above) for the application of this method, with the successful use of 
which organic matter in the iron ores does not interfere chemically, 
though it may optically, by remaining in suspension and obscuring the 
colour indications. 
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^B On. the strength of some years' expcrieuFO uf botli mothods, Percy 
^^%^er9 this to that of Marguerito on tha ground that hiohroniate ot 
^^jpatassiuni is readU; ablained in crystals in commerce, and need not to 
be specially prepared ; that the solntion is easily prepared ; that once 
atlndardised the solntion is mncli less liable to eliange, and therefore 
more reliahle than that of pennanganate of potassium ; that it is leas 
liable to arror of manipalation from, evolntjon of chlorine, or from 
ni^^ic matters present ; and that, while equally accnrate, it occupies 
leaa time than the permanganate process. The Icsa alterable character 
of tha standard bichromate solntion is certainly an advantage. On the 
other hand, however, it shonld he remarked that at present (it not in. 
ISfii, when Dr. Percy wrote) permanganate of potassinra can be ob- 
tained commercially in crystals of Rreat purity, whilst the purity of 
Mminercinl bichromate of potassium hea seriously declined latterly, 
owing to the process of calcination of the chrome iron with lime 
instead of with nitre or alkali, as formerly practised by the manu- 
^turer. The result is that all the commercial Lichromatc which the 
miter has come across of late years ccstaina a considerable and variable 
it of Bulphato of lime (perhaps in the state of some double salt), 
oryatallising out in colourless small taboJar crystals of the normal 
n of sulphate of lime. Hence to obtain at present reasonably pure 
romate for the standard solution, we must submit the salt of 
iO at least two succeBsive crystallisations. 
f In general, on the subject of volumetric assays of iron, the writer 
entnres to remark that the assayer who has not mastered the general 
principles of this method by the study of Sutton's, or some other ot 
the standard works on Volumetric Analysis, will find himself, when 
dealing with cnmponnds of iron new to him, very liable to slip into 
anors that ma; be to him ineisplicable ; that the succeseful use of the 
letric method demands a large amount of very special though 
IT experience and practice ; that as dependent on slight differences 
t colour, the results of different experimentera are sibject to al! the 
in the appreciation of colonrs appertaininfi to different eyes. 
fc becomes more and more probabis not only that more people are 
r blind than is commonly supposed, bnt that to no two people 
the aame colonr appear precisely alike. 
i lAstly, the value of volumetric assay for saving of time is a function 
S the iargenesa of the number of, chf^nicaily, qu-Ut similar substances 
eqniring to be assayed. Where these are not numerous, or where 
I may be chemical differances, such as to disturb the colour 
■ationa, or to introduce any chemical uncertainty requiring after- 
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wards to be sought out, other and older methods dependent not on 
measoring volomes, hut on the balance, are to be preferred. 



24. There are various precautions necessary to success in the separa- 
tion of lime and magnesia, for which the assayer should consult the 
larger works on Analysis (Rose, Fresenius, &c.). In particular, 
Scheerer has x>ointed out that when the lime present bears a small 
proportion to the magnesia, the former goes down with the latter 
wholly or in part ; and he has proposed in such cases to convert both 
bases into sulphates, and separate the sulphate of calcium by alcohol 
Sonstadt has proposed and described in detail a method of separating 
these bases by tungstate of sodium, which appears valuable. As 
regards the separation of calcium from aluminium in solution, the re- 
marks of H. Rose also should be known. By his method ammonia 
absolutely free from carbonate is not indispensable. 



25. The succinates can now usually be obtained in commerce. Where 
this may not be so, the benzoatcs answer, that of sodium best, because 
it can be more easily obtained pure, frt)m benzoic acid of commerce. 
In the treatment with carbonate of barium it is necessary that the 
reagents employed be perfectly free from sulphuric acid. 



26. So far as the writer's experience goes, the separation of alumina 
and iron by caustic potass is troublesome and not satisfEictoiy. 
Wbhler^s method is greatly preferable, which is this : — ^Neutralise the 
dilute solution of both bases with carbonate of sodium, add to it hypo- 
sulphite of sodium, and boil until sulphurous acid ceases to be evolved. 
The alumina collects as a pretty dense precipitate, which only needs 
to be washed, calcined, and weighed. 

To the solution, after concentration, add chlorate of potassium and 
hydrochloric acid, filter to separate free sulphur, and then precipitate 
the iron by ammonia. Pamell has described another method, but 
probably not as good as the above. 

Iron may be also separated from alumina as a volatile chloride by 
just passing hydrogen over the oxides, heated bright red (in a boat), 
in a porcelain tube, and then passing dry chlorine over them. For 
every day analysis this method (even if absolutely exact, which we do 
not know that it is) may prove too tedious, however. 
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27. TMb ia not quite the writer's experience. If sulphate of bniiam 

Tie formed in any way, whether hy 8iJ|)haric acid derived from oxiiliaed 

•nlplini' ia the ore, or from impurity in the reagonts, it apjieara to 

§.t«te up a minute quantity of iron, from which it cannot be freed 

sa after decomposition. 



1 £S. It ia scarcely poaaible to avoid stirring a solution in a precipitating 
pr without touching its sides more or less with thegloBa rod. It, 
'or, may be remarked that whore the amount of magnesia preaent 
imall, or under some circomscaucea is reluctant to precipitate, this 
nay he ninch promoted (as Wollaaton long ago pointed out) by drawing 
a glaai rod orer the inner sarface of the glasa veasoL 

If the gloaa anrface be kept qnite Iree from actual scratchea, the 
adherence of some of the minute crystals of the double phoaphalu to 
the points touched by the glaKs rod is really of little importauce. 
They can generally be detached by water and ahnking ; or if not, by 
genUe rubbing with the end of a hit -of clean wood, which is carefully 
~ died afteiwards. 



h SB. Befoia proceeding to asaay either iron ore or metal for phoa- 
is (or indeed for any other possibly presout or nbsent body), the 
;e of the particular body should be ensured hy some qualitative 
the melhoda for which are to be found in the yarious 
anjard works on Amdysis, and need not be here repeated. As, 
Dweiver, the presence or absence of phosphorus in iron or its ores is a 
mitter of high metallnrgic import, such qualitative examinations hare 
to be often repeated, and with care. It seems worth mention that M. 
fialet states that phosphorus in either steel or iron may be recognised 
lacopic oiamination of the hydrogen given off by their 
n hydrochloric aeid. This method may he applied to iron 
a by bringing a small portion to the state of metal by ignition In a 
it of dry hydrogen, or by direct faaioa. 



K 30. The precipitation ofphospboric acid by molyhdate of ammonium is 
lit nnfrequently uncertain in result if ccrtaiu conditions not siifflcienUy 
iterred to in the text he not attended to. 

An aqueous solution of molyhdate of ammonia is to he preferred to that 
acid commonly employed. Its strength is hut from 50 to 60 
1 to the litre of water. Phosphorus ia not precipitated hy this 



4 
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reagent from neutral solutions, and on the other hand strongly acid 
solutions retard or even resist precipitation. 

The following are M. J. Parry's instructions for the precipitation, to 
the accuracy and value of which the writer can testify : — ^Add ammonia 
to the solution until complete precipitation of peroxide of iron. Add 
cautiously as much nitric acid as is just sufficient to redissolve the 
precipitated peroxide. Bring the solution to boil, and add the molyb- 
date of ammonia in the proportion of about 30 cubic centimetres to 
the \ litre of iron solution, which should be contained in a flask (or 
a little more, if it be very rich in phosphorus). The usual yellow 
crystalline precipitate may appear at once, but if not, boil briskly 
again for a few minutes, add a very few drops of nitric acid, and shake 
the closed flask vigorously at intervals, and continue to add a drop or 
two more of nitric acid, until a distinct precipitate is observed to 
commence. The ebullition must now be stopped, or a bulky flocculent 
precipitate will rapidly form ; but the flask should be kept hot and as 
near to the boiling point as possible (without actually boiling), and 
shaken briskly now and then. In from an hour or two to four or five 
hours the whole of the phosphorus will usually have precipitated in a 
good granular form. If these details be fully observed it is seldom 
necessary to repeat the process in order to obtain the whole of the 
phosphorus present. 



31. It should be remarked that precipitated sulphate of barium, when 
in presence of alkaline salts (and probably also those of calcium), takes 
up as much even as 1,5 per cent, or more of these in such a form 
that they cannot be removed by washing. Hence in the somewhat 
delicate operation of determining the usually very small amount of 
sulphur in irons, a grave error in excess may easily occur. 

Stolba has pointed out a mode of freeing from these the barytic 
sulphate (after its washings come off without further action) by digest- 
ing it at a boiling h^at in a solution of neutral acetate of copper, with 
some acetic acid added, and then washing afresh, &c. 

Volumeti'ic methods for determinations of sulphuric acid have also 
been pointed out, but they are probably deficient in delicacy for use in 
the present case. 



32. A little should be added to the text here. Blast furnace slags are- 
very generally, though not always, pretty easily brought to a soluble state 
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by fusion with the alltalmo cnrbonatES. Some, however, as woll na some 
scoripe (from the wrought iruu or steel raannfacture), ara very refrai!- 
tory. In aome scoria, as in those from the puddling furnace, the per- 
centage of phosphorus is high, and may be an object of indnatrial 
research hereafter, though not as yet so. Heuco it is desirable to 
employ no method with these likely to lose part of that elomeut. 
^gain, in the analysis of fire clay, or fire brick, it is of great import- 
anus to determine the amoimt of alkalies naturally present, whidi 
seriously affect their infusibility. For these last bodies, fusion with 
the alkaline carbonates is inadmissible. 

Professor liowrenpe Smith's method by fusion with a mixture 
of pure fluor-spar and carbonate of calcium is stated to give good 
reanlts, and is easily practised (sea Crooke's "Methods of Chemical 
Analysis''), and like the methods of Biunner and Laurent with hydro- 
fluoric acid, or the modiflcation by Gore, which consists in melting 
with nitrate of barimn and fiuoride of barium, may be employed for 
acorife slags or lire clays, and these all admit of the determination of 

(contained alkalii>s. 
8. Mr. J. Lowthian Bfill, and M. Gruner (of the Ecolc des Mines, 
is), have both shown that at temperatures of 300° to 400' Cent. 
carboniE acid in presence of iron ores is split up into carbonic oxide 
and carbon, provided carbonic oxide be also primarily present. 

It follows, therefore, that the reactions during the reduction of iron 
ores are not always and quite those described in the text. Hr. Bell's 
work on " The Cheniiool Phenomena of Icon Smelting," and M. 
Gruner'sMejuDir("L'omptesEendas," 73,88, 1871) should bo consulted. 



34. No better crucibles for iron assay are to be met with than those 
made for the purpose in Cornwall, chiefly about Eedruth. They are 
btoader in farm, than French or German crucibles, and stand sudden 
changes of temperature Tory well, and are highly refractory. 

Nor is any form of assay furnace, the writer believes, better than the 
South Wales and Cornish pattern, whicli is distinguished by the great 
thickness given to tho front wall so as to protect the operator from 
the heat, which in the case of thin-walled furnaces renders tho cou- 
tinnous work of the ossayer unpleasant and nnhealthfuL 
. Plumbago crucibles are sometimes employed, and are suggested in 
Bt books on Metallurgy ; but they are expensive, and tlie 
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recommendation that one may be used more than once is of more tlian 
doubtful value. Iron assays are frequently made in Great Britain in 
unlined crucibles, as much carbon in the state of pulverised coke or 
anthracite being mixed with the ore and flux as may be required for 
the reduction. The writer, however, deems the charcoal lining of the 
crucible better practice, and its result is generally to produce a better 
button and fewer detached particles of cast iron in the assay. The 
method of brusquing, or charcoal lining, as described in the text, gives 
good results when well performed ; but the crucible should be dipped 
into water before the charcoal dough is pressed in, otherwise it is very 
little adherent. A very perfect form of charcoal lining consists in 
making the charcoal, with water and a very little molasses, into a 
thickish cream, pouring some into the damped crucible, inverting the 
crucible until no more will run out, and then drying slowly in an oven, 
and repeating this until a sufficient thickness of lining is obtained. 
Where lined crucibles are adopted, a stack of dried ones should be 
maintained ready for use. 



35. The general formulae given in the text for fixing the relative 
proportions of silica, alumina and lime in the flux, though correct in 
principle, may probably be accepted by the practical British assayer as 
mere learned trifling. They have their occasional use, however, when 
dealing with some new and little-known ore ; but to the experienced 
assayer there is no doubt that they are generally useless. 

Assajring by the dry method, like almost every art to which science 
is the directrix only, soon becomes, under the teaching of experience, 
an almost mechanical craft, and without this could scarcely become 
rapidly conducted enough to be profitable when practised as a pro- 
fession. 

Accordingly, nothing can well seem more rough and ready, or 
almost hap-Iiazard to the mere looker-on than the operations of the 
iron assayer, or even of the assayer of copper ores, who deals with 
more complicated problems. 

The several flux materials are kept beside each other in small ranges 
of wooden boxes, seldom even labelled. The ores, after fine pulveri- 
sation, are weighed out (usually in Great Britain by assayers* weights, 
which bear such a proportion to the ton of 2,240 lbs. as enables results 
to be calculated in very few figures ; but where the French weights are 
employed the gramme is as convenient as any other unit) and placed 
each on a numbered paper (or dish, sometimes of glass, more usually 
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of thin copper), anri placed ia a niim'bflrcd Bqaaro upon a, tray, with 
whioh they are trausferred in batclioa from thejbdoueo-i'oum to die 
table of the sssa.jer's furuouG-i'oDin, on whiuh the iluxee ntond- 

The assaj-er posacs the ore from one of (he papers or dishea (re- 
placing the latter on the tmy) into a capper shovel or shoot, mach 
like those ased by bankers for gold coin, but longer and narrower 
mouthed, and then adds the several ingredionta to form the flux, by 
taking up aa much of each as in his jadgment is proper, hj means of a 
Email bent hemispherical spoon or ladle. If unlitted crucibles be em- 
ployed he adds powdered anthracite in like manner ; mixes all tolerably 
OTenly together upon the shovel, and shoots the whole thence into the 
cold crucibleB, which also stand upon a tray divided and numbered to 
Gorreapond with that for the orea. 

The wind or draught furnace is already Tory hot. Ha covers up the 
assay with more anthracite dust, and lutea on the cover, hut not 
infrequently operating without any cover to tha crucible except a 
deep stratum of not too tiaely powdered anthracite. Usually, how- 
ever, covers are employed, and these beuig fitted he places the crucible, 
or more than one, directly iiito the furnace, withont any stand or 
anj^ort hut what it receives from tho good hard cokes, of which he 
throws in a few fresh piecea just hefora lie inserts the enieibles, so as 
to damp down the heat for the moment. Good day crucibles of 
Cornish make seldom crack even with this rough treatment, Tho 
march of the furnace is watched from time to time, so as to see tJiat 
by tho descent of the fuel, as the combustion goea ou, the ci-ucibles are 
not eudaogereit by oversetting. Their position is rectified, if need be, 
hy light, though long-handled, spring tongs, used by oue hand only, 
and fresh fragineuts of coke are thrown in whoa needed. 

The assayor knows by osperlenea almost precisely the time required 
for the complete reduction and fusion ; and after slightly stirring 
round with a stick of diy wood, or without any previous operation, he 
withdraws tho crucibles, swiiys each round a little in the grasp of the 
toiiga, and knocks it against the brick Boor, and leaves it to cool, 
when each ia replaced on the numhered tray whence tho crucibles were 
taken, the asaayer always preserving (if mora than one crucible be 
heated at once either in the same or In adjacent furnaces) the same 
order as to poaitiou therein, as the cold enieibles occupied upon the 
tray — thus confusion of assays is avoided. When cold the crucibles are 
broken separately over a tray, and the buttons and fraf^ents, whether 
of metal or of slag, placed In tlieir own compartments on the numbered 
ore tray, for examination, ivpighijig, and record. 
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"We believe there are ossayers who still adhere to the crucible stand, 
and to the placing that and the crucible, or more than one, in a cold 
furnace, kindled as desoribed in the text ; but the rate of progress is 
slow, and probably there are not more failures by one method than by 
the other. The mixture and addition by judgment only of the fluxes 
to the ores of course involves this, that the assayer is working upon 
classes of ores which ho has been accustomed to ; and no assayer, 
however experienced, can be certain of a good assay at the first trial 
upon an ore very diverse from any he has before operated on. He obtains 
gradually, however, a tactile sort of knowledge of the properties of 
the ores habitual in his district, or in commerce, which is frequently 
marvellous in its accuracy, and led by that is seldon astray in the 
flux mixture he employs, or for more than once at most. 

A good assayer is never satisfied with the result of his assay, unless 
the whole of the metal be collected into one beautifully smooth and 
rounded spheroid, taking at its lower side the form of the crucible, or 
of its lining, and showing at its upper surface that form which capillarity 
confers while fluid upon a perfectly fused metal ; and if the scattered 
firagments amount to more than a very few spherical shots varying in 
diameter, he rejects the assay, for if the uncollected fragments be so 
numerous as to require collection with the magnet, it is impossible to 
be sure we have collected all ; and we may collect with minute frag- 
ments of iron those of adherent slag. 

The assay furnace for iron needs a better draught (if time is to be 
economised) than that for copper ; and perhaps the power of turning 
on a gentle fan blast from the ash-pit (as done in some bronze foun- 
deries, notably that of Messrs. Barbedienne, of Paris) would still 
further save time. The crucibles should, however, be heated up at 
first by the natural draught of the furnace alone, as the fan blast would 
be too brusque for safety. 

Very little reliance can be placed upon what judgment may be 
formed from the fracture, &c., of an assay button as to the physical or 
mechanical properties of the cast iron itself. The external qualities of 
cast iron are far too readily affected by minute differences of constitu- 
tion, by more or less rapid cooling, &c., to admit of any such 
judgment being made with safety ; and when a new ore is under con- 
sideration for use in the blast furnace, and there be any reason to 
doubt the quality of cast iron it may render, the only safe plan is to 
reduce some 10 to 20 lbs. of the iron in a large plumbago or steel 
melter's pot, and to pour out the fused metal into a ''dry sand " ingot 
mould, made always of the same dimensions, which may be about 
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IE inches long by 11 cr 2 inches si^iiare, anil submit tliia to exomiun- 



S6, Neitlier by oiio nor by the other, (lorbyauy iiietliod, isitpoBBiblo 
to praitict the proportion of phosphorus wliieli shall be contained on 
the average in either pig or ivrought iron produceii from a given ore, 
or mixture of ores, by the ordinary mctlioda of mBnulkcture oa the 
great scale. Uaoally, the ores not being excessivaly rich in phoe- 
phoraa, mere traota are fouad in the blast fnmaee slags ; hut when thu 
orsB are highly phosphoric, and ninch nuredueed, iron remains in the 
sla^ the latter contains sensible amoants of phosphorus, and the iron 
less per cent, than dne to the ore. 

The fuel, temperature of blast, Hnx, and. burden, as well as dimen- 
sions of lilast furnace, all influence the proportion of phosphorus in the 
pig iron. Berthier's Memoir, in " Annal. des ilinei" for I83S, should 
be uonsulted. 



37. There ia no characteristie more rEmarfcahln in tlio chemiatry of 
iron than the wide range of its affinities for foreign elenients, the 
tenacity with which it retains in combinatiou the last traces of several 
of these bodies, and the remarkable influenca which those minute 
proportions of foreign elements exercise upon the physical properties 
uf the mctul. And amongst the bodies thus combined in small pro. 
poi'tion with iron, as powerfully affecting those physical propoitionB, 
carbon stands foremost ; hence the oiact determinatioa of this element, 
both as to its amount and as to its state, i.e,, as combined or asdii1'uB«d 
— constitutes a problem of almost unique importance in sidcro-tochnio 
analysis. 

The methods employed or proposed, numerous as they are, and 
emanating from some of the greatest amongst chemists, still leave 
mocli to be desired. 

Before adding a remark or tK'o to the instructions given in the teit 
-of Part VI., it may bo well to observe that the statamHiit (fool note to 
«ec. C), that all the carbon in steel is found in a sl^te of combination, 
is not i^utte or nniversally true. Karaten's views, long since pramul- 
gated as to the states in which carbon is found in cast iron, in wrought 
iron, and in steel, though by a few persons ineffiictuaUy impugned, 
may be held now as substantially admitted. In commercial cast iron, 
then, we have much graphite present, and more or less comhined 
«arbon ; in wrought iron very litlJe I'arbon in cither state, and that 
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which exists chiefly in combination, and in steel and Spiegel eisen, as 
well as in perfectly "chilled" and white cast irons, almost the whole of 
the carbon present is chemically combined. But even in cast steel 
some traces of graphite are to be found after solution, and more or 
less graphite is nearly always present in wrought iron. We may, 
therefore, deceive ourselves if we assume that because we operate upon 
a material, commercially called steel, we have solely to do with com- 
bined carbon. 

The scales of graphite liberated from wrought iron and steel con- 
taining carbon in this condition are extremely minute ; so much so as 
to remain long suspended in solution, and only evident by a shght 
want of pellucidity in the solution, or by a peculiarity in its tinge of 
colour, and in this state may add an element of micertainty to the 
colorimetric indications of Eggerts' method, one in which the writer 
must confess he has but little confidence as a quantitatively exact 
process, subject as it is, like all other analogous methods, to the un- 
certainties introduced by the want of an invariable standard of colour, 
and by the different way in which different eyes regard the same colour, 
or the same eye regards it at different times. The statements of 
W. D. Herman as to this process (**Jour. Chem. Soc.", vol. viii., 
p. 375) should be consulted. The normal or standard solution of 
steel for Eggerts* method cannot be kept unaltered in colour for many 
hours. It has, therefore, been prox>osed to form a scale of colour by 
placing solutions of caramel (burnt sugar), or of roasted coffee, in a 
known series of proportions, as to the water and alcohol, in tubes, 
wherewith the steel solutions of the assay shall be compared. But 
are these, though sealed up, invariable in colour after more or less 
exposure to light ? 

"With respect to the separation of the graphite from the carbon of 
combination by the assumed insolubility of the former, after both have 
been liberated from the iron, it may be observed that the researches of 
Brodie (**Ann. deChim.", 3 ser. t. xiv., and **Jour. Chem. Soc", xii.) 
point to the probability that graphite is by no means always that 
stable body which is here assumed, so that it is quite possible that 
under the influence of the more powerful oxydants used to liberate the 
total carbon, some of the graphite may change its form, if not even be 
brought into solution or driven off. 

Again, the writer has observed some facts which seem to indicate 
that, as the state of the carbon in iron after it has been solidified from 
fusion depends in a great degree upon the rate at which it ha* 
cooled, 80 when brought into solution its state in some degree depends. 
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if not upon tlie solvent, at least upon tha rato at which the solution 
has beojj effeotfil ; in fact, if tha solution be slov! enough thera ia reason 
to suppose that more or less of tha linrlion of combination passtis in the 
act of its liberation into the condition of graphite. 

Thna white chilled east iron, stUl more, fiuB cloae-grained cast atfel, 
which if diasolved rapidly, leave almost insensilila" traces of graphite ; 
if ver;/ graduslly diaaolyed, as when acted upon by air and sea water, 
or itjvery dilate hydrochloric acid, or very dilute Bolutions of chlorides, 
bromides, or iodides, leave a pBeudDmor]>bic mass, consisting mainly 
(when dry) of a ailvury groy powder, which reveals itself under tha 
microscope, as .consisting chiefly of excessively minute partii;les of 
crystallised graphite- 
It ia thus not absolqtely certain that in libeTating the total carbon 
by breaking up the iron with a, solvent^ wa always eliminate this ia the 

^nune proportions as to couihiutd and graphitic carbon in which it has 

niistad iu the metal itself. 

|L It is true that in the industrial laboratory comparative results are 

' those most usually demanded. Thera is, therefore, from the above tha 
greater nuison why we shouli! always eflect the liberation of the 
carbon by the same solvents and at the some rato. 

As respects the various methods of liberating the total earhon, the 
writer has not found that hy chloride of copj>er satisfactory, hut when 
employed it is best not to attempt to isolate the carbon directly from 
tha metallic sponge of copper, but, after washing and drying, to bum 
the whole, mixed with perosida of copper, and determine the total 
carbon or carbonic acid. The writer has had no experience with bi- 
chloride of mercury as a solvent, and the prodnction at different stages 
of the insoluble protochlorido and of metaUio mercury present some 
difSculties. M. Bonssingatilthas, however, produced a most able memoir 
upon it ("Ann. de Chim.", 4th ser., t. xii. 1370), in which ample 
details are given as to its use, and ia which he expresses his confidence 
in its value. It deserves the study of the iron analyst, Bromine and 
iodine both act well upon the metal, the former the more energetically^ 
hut with a little annoyance due to the irritating vapours which it is 
impossible to prevent It is worthy attention whether flaorino, 
applied iu some form analogous to Brunuer's process for acting on 
s minernls, might not prove superior ta any other agent u 
ipidity of action and facility of application. 

It is not unlikely that fused chloride of silv'.T, reduced to fragments 
md mixed with those of the iron, and placed beneath water slightly 

I Midulated with hydrochloric aciii, or cuntaiiiing a little chloride of 
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todiuin, might be adTsntagcously empluyed to liberate the total 
carlmn ; and lliat tliB amouot of the Intter might from the ixity 
of aikar iu the fire, he inferred direct!? from the weight of the reduced 
silver, after its calcination and exposure to sufficient heat npon ft 
cnpel for ila (naion to a button ; in this rase ths aolthur, if any be 
contsined in the iron, mtiat be separately determined. 

CombnBtion with oxydants appears beyond question the best method 
of dBtermining the total carbon ; and whether this process' be employed 
npontbeironitself.ornponthflcarbonacoousreMdaeliberiitod previously 
from it by one methoil or another, must always remain a matter of 
jndgmeDt far the analyst who has the particular sample of iron befbrs 
him. The question turns mainly on this : If the iron be rich in carbons 
moderately soft and friable, and thus capable of being readily bronght 
into a vtJT/ finely-iUvided state, direct cnmhustion is capable of giving 
the more exact results, and more rapidly ; but if the carbon be ia 
quantity small, be chiefly in combination, and the metal, like east 
steel, tpicgtl citen, chilled or refinery iron, &c., be excessively hard, 
less prsnBB reanlta will be procured by direct comhustlDn, and that 
even though the metal shall have been laboriously bi'ougbt to a state 
of fins division ; and previous liberation of the carbon will be besL 

The writer had occanion some years ago to make a large number of 
determinations of carbon in irons by combustion, and having had to 
form his own experience, may note a few points here for the benefit of 
others. Nothing seems easier, when reading the directions givea by 
authors, than to Toeka a good assay of iron or carbon by combnaUon, 
yet very few analytical operations are in reality more liifficalt or more 
uueertiun nnljl after a good dea.1 of painful ex]>erience in failures has 
made the operator aci^uainted with the precise march proper for the 
operation. First, then, as to the iron itself ? — Its state of subdivision 
cannot be too carefully procurod. Tlio hardest steels, or "ohilled" 
iron, can be brought to an extremely divided state— when the sample 
is large enough to admit of it — by turning off in the lathe from a 
cylindrical bar, very fine shavings, with a crystal of diamond set is a 
turning tool. In this way a sort of curled steel or iron wool can be 
readily and pretty rapidly obtained, so lino that a little put into the 
flame of a spirit lamp instantly flashes olT, and leaves nothing but 
oxide. It reijuires a little time to break it np short, when it is at 
once fitted for combustion. 

"With wrought iron this may be practised also, and the taming tool 
may be of steel; hat filing even " with a new file previously deprived 
of adherent oil," as directed in some ^\'ol■'is, is to be avoided. The 
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Eber of ateel teetli broken out of the file after aven an hour or two's 
:, ia greater than might be imagined ; and filings even when pretty 
are lumpy little fragments presenting small surfaces in relation to 
tiieir masaes. For cast iron, turning or planing off, by a tool cutting 
finely, and not taking too gross a cut, and tho tool bant abruptly closa 
to tho catting odge, so as to curl up and fracture in as many places as 
^— -pouible tlie cuttiDgs, does bost. These cuttings can then be pnlTeriscd 
KjJnrther in a large-sized cyliadrical steel mortar. 

^K^ The writer has tried with, cast iron tiic plan of iBvigating those 
^niafrmBnts by griniiing them np like paint upon a painter^s " Hag and 
Muller" of a lai^ size, along with oil of turpentine, and removing 
tliia by digestion with caustic alkali, and washing witli alcohol, or 
even nater, and drying out of contact with air, and with tho rEsult of 
prceuringextremB subdivision ; but he is not absolutely certain that no 
e of the oil of turpentine is absorbed by the iron particles, ao aa 
a be removable, though he has had no proof either that it is so. 
i However effected fineness of division is the sine gaS nuii. of aecurato 

tenntnation of carbon by combustion. 
I Then, as to the apparatus, he admits a preference for tho old form 
analysis apparatus sa devised originally by Liebig, and 
K his form of potass absorbent apparatus (the tali apparaC of Oiesson), 
)f a triple bulb, &c. Charcoal, burnt in the Liebig sheet 
1 trough or furnace, he has funiid more manageable than a row of 
■ flames, with their attendant troubleaoma briolt of earthen heat 
Feonfinera, &c. But the elieet iron trough retjuires to be mads more 
e^Htcious fhrf" for uHual organic analysis, in order to hold more 
charcoal and enable the temperature towards the end of the procesa 
to be pushed to the highest point the combustion tubs will bosr. As 
nguds the oxydants, he has novel succeeded satisfactorily without 
employing u current of gaseous osygan. Aided by that, when applied 
at the right time and at the right tomporatare of tho combustion tube, 
either peroxide of copper or chromate of lead may be employed, but 
_ tile lost ia decidedly preferable. It is beat in the hard condition, 
ured by fusing in close vessels, and subsequent grinding up finely. 
lis state it does not agglutinate as soon, or at so Ioh- a temperature 
le unfused chromate. 

IB mixtare of chromate of leal and chlorate of potassium, ho has 

ever been able to nse adfantageously, for independently of diaengoge- 

ta of chlorine, those mixed salts agglutinate and fOse, and act upon 

;IaBS combustion tube much more rapidly than the chi'omatB alone. 

B^owards the end of the process it is advisable to push the temperature 
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to the highest point the ghu-s tuTio can bear withont meltiug, aaggin([, 
or blowiug out. Porcckin laboa have been suggested, but the w * 
founil their use difficult in several nays, and more liable to accident by 
rapid olumges of temperetura than glosB, besidea their opacity pre- 
renting any visual knowledgs of what is goicg on iuside. Black of 
green British bottle rIhss wna tried, bnt though rather mor 
fraclory than Ccrnian glass, it Mb the diaadvintago of passing at 
almost from solidity to fnsion witli bat little intennediate stages dE 
viscosity. 

The wrapping round the comboation tube with a atrip of thin si 
iron is not so good, na merely supporting the loirer sido of the tnb^ 
by • semi-cylindncal or trangh-sbape<t guard of thicker sheet u 
The writer tried with tlie combustion tubea a continuous eoal 
of copper eloctrotyped upon tlicni, over a surface tiiinly vai^ 
uisheil rdth a, solntiou of pbasphonut in benzole, with a very little 
Caniidn balsam — a method generally ap]>licahIo to chemical ^an 
Teasels, of which he published an account several years ago, but with 
no great advantage, owing to the fusing point of coppr being ai low 
as it is. Now, however, that & like deposited coating of nickel can be 
readily obtainod by Oai&e'a method, a firm Rud sufficiently infusible 
jacketing to the combustion tube ia obtainable, but the tube is rendered 
oi«quc. 

In the canduct of the combastion the main points to bo observed are, 
— beginabg the heating of the combustion tube at the proper end, 
turn on the current of oxygen gus at once, let it he i^erj/ aloui, only 
bubble by bubble through the potass bulbs. Keep the temperature 
the whole apparatus at not more than a low red heat until the whole 
length of the tube is thus heated, and until a pretty large volume of 
oxygen Las been drawn Ihiongli. Now raise the temperature a little, 
to about a fall red, and continuo the passage of the oxygen so for aboat : 
an hour (more if the iron be very hard, or its subdivision defective), , 
and finally raise the temperature to as high a paint as the tube will 
bear, and keep it so, with the oxygen currant still slowly p 
until upon slmtting it off fot a momeut or two we see that bubbling 
through the potass bulb ceases also. After a little longevthe operation 
may be viewed as ended. 

Tor fuither remarks containing very masterly instructions for this 
ptucess, as well as for all that relates to tlio assay and analysis of iron, 
the reader is roforred to the grand work of M. Rivot (" Dodmasie: 
Traits d'Atialyse dea Substances Jliiierales," in four volajnes ; Paris, 
186i), and for a well-collected innss of information on the 
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carbon aod nther ooiistituents iu irou, to Mr. Crooke'a " Select Metli&Ji 
'Of Clismical Aualjfiis," pp. (17-117. 

38. It soanis eitremely doubtfal wliether either nf ttoao procesaos 
can afford an exact dcteiinination uf thii nmoimt of slag, or " cinder," 
mechanically involved, in east or in wrought iron. Tlie total liuantity iii 
morketalile iron is very small, aa<l from the nature of the slags, a.t 
uiually involred in cast iron at least, it is Bcireely posaihle but that more 
or less must not be decomposed by the hydrochloric acid or the bromine, 

so rendered soluble. The inquiry is of very small industrial 
importance in any ease, There is much more inyolvod " cindar " from 
the puddling process in wrought iron bars oecaHionally than the writer 
least has ever remarked in pig iron, yet Mr. Sorby's microscopic 
minatiou of polished spucimeua have indicated how very minute is 
the total amount of "cinder" to ho found in well-manufecturad 
KTought iron. It is stated in some books of autboiity that the £hroas 
M atrinted atmoture developable in wrought iron by the slow surface 

of dilute hydrochloric or salpliuric arid (as first pointed out by 
the late Professor Daniel) is doe to the eating out from the mass, 
■alongftted strips of involved cinder ; and in fact some authors have 
deemed the "fibre" of a well rolled bar to be due to the stretohinj; 
it of portions of the iron by differential movementa permitted by the 
rresenca of involved, and at the same timo liquid slag or cinder. 

These are nnqueatioaably errors, however. The very finest bars, 
nioh as a pieoo of good Lowmour or Staffordshire "rivet iron," 

lot containing a particle of "cinder," are nevertheless tho 
most perfectly and uniformly fibrous, and when dissected slowly 
hy immersion in acids, oro yet acted upon so unequally as to pro- 
duce sharp fibrous riilgea stretching along the piece with deep clefts 
Iwtvreen. The writer claims to Iiave been the first to point out 
tha true law governing the development of crystallinn and fibrous 
rtructnre in iron in all its various states, in his work " On the Physical 
Conditions involved in the Materials for tbo Construction of Artillery," 
n 1354. They are important to bo fully iindoratood by every chemist 
sngaged in iron industry. 






39. Porcelain, or thin nud smooth Cornish assay crucibles answer 
quite well for this oxidation of sulphur by fusion, if tlic heat bo adroitly 
managed .'io that too riipid uluiugos of tempcrntura shall uat crack tliu 
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crncible. Platinum crucibles are no doubt highly convenient, but they 
are rapidly made rough and porous, and destroyed by this use of them ; 
and gold crucibles are luxuries not for industrial laboratories. 

Few analysts are aware that in determinations of sulphur by oxidation 
in this way, it is absolutely necessary to avoid the use of coal gas 
flames, and best even contact with coal or coke fueL The quantity of 
sulphur (chiefly as bisulphide of carbon) with which all British, and 
nearly all the coal gas of commerce is loaded, is so great that it is 
not possible to fuse nitre over a Bunsen or other flame of such gas 
without being able to detect appreciable quantities of sulphate of 
potassium in it. In fact there is no better test for sulphur in this state 
in coal gas than to dip the exterior of a platinum atmospherical capsule 
into i>owdered dry nitre, and fuse the latter, until it forms a central 
dependent liquid drop over the flame of the suspected gas. On 
dissolving ofl" the fused nitre by plunging the capsule into a vessel of 
pure water, and concentrating if necessary, we may prove in it the 
presence of sulphates by chloride of barium with perfect ease. (See 
Percy, ** Metallurgy of Iron," p. 736.) The presence of manganese in 
iron ores thus treated appears to increase the greedy absorption of 
sulphur compounds from the gas flame. Coke, though it usually does 
not contain more than 0,5 per cent, of sulphur, may contain as much 
as 3,0 or more per cent., so its contact as fuel is also to be avoided. 

The cost of spirit in Great Britain reduces the operator to the use of 
charcoal only. It is also to be borne in mind that commercial nitre 
occasionally contains some traces of sulphates. 



40. Berthier*s method is in reality little more than a useless chemical 
curiosity. It affords no real measure of the value of a fuel for Indus- 
trial purposes. That value depends mainly in practice upon two 
conditions : — What is the absolute calorific value of the fuel assumed 
all perfectly burnt, and without waste? what are its physical and 
mechanical properties upon which its advantageous use for special 
heating purposes depends ? Thus, if for raising steam, &;c., its volume 
for unit of weight, its caking or not, its coherence while consuming, 
are important elements : if for smelting operations, these also apply. 
But in addition is the important question what degree of hardness the 
coal or the coke from it possesses ; will it in the blast furnace, for 
example, bear a certain amount of "burden?" 

These latter properties must chiefly be judged of by tact and 
experience prior to actual trial on the great scale. By suitable 
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arrangements and the employment of various precautions, it is possible 
to determine by means of the mercurial calorimeter (of Favre and 
Silbermann), with minute accuracy, the absolute calorific value of any 
sort of fuel, solid or liquid ; but the operations are so delicate and 
tedious as to be wholly unsuited to industrial use. 

But by two experiments we can calculate the absolute calorific value 
of any coal fuel without much difficulty. By one we determine the 
per-centage of incombustible asheS ; by another, conducted exactly as 
an organic analysis, or as described for the combustion of carbon 
liberated from cast iron, we determine the elementary composition of 
the dry fuel — i.e., the per-centage of oxygen, hydrogen, and carbon 
(neglecting the sulphur, which in nearly all industrially valuable fuels 
is present in very minute proportion). Favre and Silbermann have 
determined the following calorific values for one pound (avoir.) of 
hydrogen and of carbon : — 





lbs. of oxygen 
to bum. 


lbs. of atmos- 
pheric air to 
bum. 


Total heat in 
British units. 


Hydrogen 

Carbon burnt to carbonic 

oxide 
Carbon bamt to carbonic 

acid .... 


8 
2| 


36 

6 

12 


62,032 

4,400 

14,500 



Now it has been also proved that the total heat of combustion of any 
compound of carbon and hydrogen is the sum of the quantities of heat 
which each of these elements if burnt separately would produce. But 
it is also to be observed that wh%re oxygen is also present in the com- 
pound (as it is more or less in nearly all fuels), so much of the hydrogen 
as Ls required to form water with the contained oxygen {viz., eight 
parts for each unit of oxygen) are burnt without producing any final 
calorific effect. Therefore, deducting from the pound of fuel the 
weight of the incombustible matter, nitrogen (if present) and ash, and 
expressing by C, H, and the three elements present in decimals of a 
pound, we have the following general formula, by which, after having 
made the two experiments above described, we can calculate the 
calorific or total heating power {h) of any fuel : — 



^=14,500(C + 4-28H— 9) 



I. 
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Or the theoretic evaporative power (E) of one pound of the fiiel in 
ponnds of water boiled off at one atmosphere from 212* Fah., is : — 

E=-=15(C + 4-28H— 2) ... II. 
96 8 

Of these theoretic values, however, much is lost by the necessity of 
X)assing in the atmospheric air much nitrogen (which must be uselessly 
heated) through the fuel, besides a larger volume than is necessary to 
afford the oxygen barely necessary to combustion, and by other con- 
ditions of loss of heat applying more or less to all furnaces. 

As regards assays for coke, it is quite impracticable to judge with 
any eei'tainty what may be the industrial or commercial value of a 
given coal for coking purposes, except by trials conducted on the great 
scale, and in the actual coke oven. 

"We can merely decide by assay on the small scale, whether the coal 
shall coke at all, or if so, give a worthless coke, or one worth more or 
less. To make this trial a luted crucible is a bad apparatus, and the 
wind furnace, an uncertain and unequal apparatus for heating it. 

A small wrought iron or cast iron retort, holding one or two cubic 
feet of the fuel, and embedded in an exactly regulatable furnace of its 
own, is the best procedure ; and with such apparatus very tolerable 
indications as to probable quality of coke when made on the great 
scale, are possible. Still, coke from the same coal is generally better 
and harder as the scale of oven in which it is made is greater. 



41 The range of affinities of iron is so great, and its tendency in the 
metallic state to combine with and hold tenaciously small amounts of 
many foreign elements is, as already remarked, such that either in the 
state of its ores or in those of its three great industrial metallic 
conditions — cast iron, wrought iron, and steel — to which we may add 
meteoric iron (which may hereafter prove to have also a terrestrial 
existence), that it is found in one state or another occasionally in 
combination with a tolerably large proportion of all the sixty-four 
known elementary bodies. 

A complete treatise upon the analysis of iron and its ores, &c.y is 
therefore nearly co-ordinate with one upon analysis in generaL Such, 
however, is far beyond the scope of this little work, which is not 
designed for pure scientific research, but for the humble use of the 
industrial laboratory. 

In its ores we encoimter iron, constantly in combination with silica, 
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^^ Blnmiaa, lime, magneam aud mauganose ; more rarely with carbon 
I (or carbonic acid), tulphar, aud arsenic ; and, if wo include mctaoriteB, 
I in combination nith nicliel cobalt, and cbromium. We sIeo iiud it 
I widely dilTuscd in combination (occasionally with zinc) with titanium 
I ns waU Ds with chriniiuin But the first seven bodies named are tboso 
' nnly with which the stliro tichnist is concemad ; and these ore all 
ilealt with in the jirLLodiiif! pagts, besides some of tlio others. In the 
metallic state wa nearly alwaja lind iron associated with carbon (com- 
liined and ns graphitel, ailicon, sulphur, phosphorus, and mnugancse. 
Those ate tba olerocuta of most induatrial imporUnce. OocDsionally 
we find it combined with nlnminium, calcium, magnesium, arsenic ; 
more rarely with tungsten, titaaiuio, vanadium (and when tungsten is 
present /rain ffte ore, ) probably tin ia never rjuite ahaant. Nitrogen 
lias bean presumed present in some steels, and probably oil iron 
occlades certain gases in solidifying from fu^on, as shown by Graham. 
More rarely still traces of chromium, nictel, or cobalt have been ob- 
sftTved in certiun makes of pig iron, and even lead ; whilst in iron 
resulting from ores, produced by the gradual natural decomposition of 
jiyrites, or containing pyrites, it is all hut certain that gold or silrer, 
or hotb, may eiist in extremely minute quantity. But with the 
greater portion of these bodies the indnatrial ehcmist or aasayer is not 
contemed. Still in the industrial laboratory be may be at any time 
called upon to determine quaUtatively or quantitatively any one or 
more of these numerous elements, and if wholly unaccustomed to 
their reactions, must find Iiimsolf mucli perplexed. For the study of 
raineral analysis generally, nnil in its largest special relations to iron 
(in addition to the standard works on General Analysis of Rose, Rain- 
iTielsbe:^ Frcsonius, &c.), no industrial laboratory shonld be without 
tliB great work, "Docimaaic," An., of M. Rivot, already referred to. 

The determination of u.limiiniunt and titanium in cast iron will be 
found woU described by Itivnt, t. iii., p. S38 ; of Vanadinm, p. BiO ; 
and of tungsten (now entering industrially into the raauufacture of 
steel) at p. S17 of same volume. nieao bodies thus referred to 
have been but cursorily tre4ted of in the text, and properly so, by 
reason of their rare occurrence. 

Nor does this work at nil treat of the analysis of furnace or other 
gases, which, however, must sometimes devolve on the ironwork 
chemist; for this, ainoiifst othur works, Bunaen's "Gasomotrie" should 
he studied. 
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ATOMIC WEIGHTS OF ELEMENTARY BODIES. 



jVluminium . 


. Al 


27,4 1 


Molydennm . 


. Mo 96,0 


Antimony 


. . Sb 122,0 1 


Nickel 


. . Ni 58,7 


Arsenic 


. As 


75,0 


Niobium 


. Nh ? 


Barium . 


. . Ba 137,0 


Nitrogen . 


. . N 14,0 


Bismuth 


. Bi 


210,0 


Norium 


. No ? 


Boron 


. . Bo 


11,0 


Osmium . 


. . Os 199,2 


Bromine 


. Br 


80,0 


Oxygen 


.0 16,0 


Cadmium. 


. . Cd 112,0 


Palladium 


. . Pa 106,6 


Csesium 


. Cs 133,0 


Phosphorus . 


. Ph 81,0 


Calcium . 


. . Ca 


40,0 


Platinum . 


. . Pt 197,5 


Carbon 


. C 


12,0 


Potassium 


. K 89,1 


Cerium . 


. Ce 


92,0 


Rhodium. 


. . Rh 104,4 


Cldorine 


. CI 


35,5 


Rubidium 


. Rb 85,4 


Chromium 


. . Cr 


52,5 


Ruthenium 


. . Ru 104,4 


Cobalt 


. Co 


58,7 


Selenium 


. Se 79,5 


Copper . 


. . Cu 


63,5 


Silicon . 


. . Si 28,0 


Didymium 


. Di 


96,0 


Silver. 


. Ag 108,0 


Erbium . 


. . E 


? 


Sodium . 


. . Na 23,0 


Fluorine 


. Fl 


19,0 


Strontium 


. Sr 87,5 


Glncinum 


. . Gl 


9,3 


Sulphur . 


. . S 32,0 


Gold . 


. Au 197,0 


Tantalum 


. Ta 137,6 


Hydrogen 


. . H 


1,0 


Tellurium 


. . Te 129,0 


Indium 


. In 


74,0 


Thallium 


. Tl 203,0 


Iodine . 


. . I 


126,8 


Thorium . 


. . Th 231,5 


Iridium 


. Ir 


198,0 


Tin . 


. Sn 118,0 


Iron 


. . Fo 


56,0 


Titanium . 


. . Ti 50,0 


Lanthanum . 


. Tia 


92,0 


Tungsten 


. W 187,0 


Tiead 


. . Pb 207,0 


Uranium . 


. . U 120, a 


Lithium 


. Li 


7,0 


Vanadium 


. V 137,0 


Magnesium ' 


. . Mg 


24,0 


Yttrium . 


. . Y ? 


Manganese . 


. Mn 


55,0 


Zinc . 


. Zn 65,2 


Mercury , 


. • Hg 


200,0 


Zirconium 


, . Zr 89,6. 



TABLE FOR THE CALCULATIONS OF ANALYSES. 209 



TABLE FOR FACILITATING THE CALCULATION OF 

ANALYSES. 



By multi- 


By the co- 


We obta,in 




By mnlti- 


By the co- 


We obtAin 


plying any 


efficient 


the corres- 




plyingany 


efficient 


the corres- 


weight 




ponding 




weight 




ponding 


whatsoever 




weight of 




whatsoever 




weight of 


of 








of 






BaSO* 


0,58369 


CaSO* 


Mg2Ph3 07 


0,27926 


Ph 


)) 


0,26761 


FeS2 




)) 


0,63964 


Ph20» 


)) 


0,13734 


S 




Mn«0* 


0,72062 


Mn 


j» 


0,34336 


SOS 




PbSO* 


0,68317 


Pb 


C0« 


0,27273 


c 




>t 


0,88119 


PbCO» 


CaO 


1,78672 


CaCO« 




ti 


0,73597 


PbO 


CaC03 


0,66000 


CaO 




»■» 


0,78878 


PbS 


CaSO^ 


0,41176 


CaO 




Ph 


2,29032 


PhW 


Fe 


1,28672 


Fe202 




Ph^O* 


0,43662 


Ph 


yy 


1,42867 


Fe203 




S 


1,87500 


FeS2 


n 


2,14286 


FeS2 




Si03 


0,46667 


Si 


Fe-J02 


0,77778 


Fe 




S03 


1,70000 


CaSO* 


>» 


1,11111 


Fe^O' 




it 


0,40000 


S 


Fe^Os 


0,70000 


Fe 




ZnO 


0,80260 


Zn 


iy 


0,90000 


Fe«02 




}} 


1,01970 


ZnS 


Mg2 Ph'07 


0,36036 


MgO 




)) 


1,54187 


ZnCO» 
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CONVERSION TABLES AND DATA 

Havisg reference to standards of weight, capacity, or temperature, 
referred to in the text. 







Grains, British. 


1 gramme 


3= 


15,432348 


2 „ 


:= 


30,864699 


8 „ 


= 


46,297044 


4 „ 


= 


61,729392 ! 


5 n 


= 


77,161740 


6 


« 


92,594088 


7 „ 


= 


108,026436 


8 ,, 


r= 


123,458784 | 


d n 


^ 


138,891132 ! 


10 „ 


^ 


154,328480 . 



1 kilogramme » 15432,348 
grains = 2,2046 lbs. avoirdupois. 



The weight of 1 gramme is that 
of 1 cubic centimetre of distilled 
water at 39,2' Fahr. 



1 metre = 89,87079 British inches = 3,280899 feet, approximately 
8 feet, 3 inches, and fths. 



1 litre = 1 cubic decimetre = 1,76877 imperial pints. 



1 pound avoirdupois = 7000 grains. 

1 Troy ounce = 480 grains (used by assayers oceasionally). 



1 Imperial gallon = 277,276 cubic inches. 
1 Imperial pint = 34,659 cubic inches. 

1 cubic inch of distilled water at 62° Fahr., weighs in Air = 252,456 
grains. 



1 cubic inch = 16,387 cubic centimetres. 



Centigrade to Fahrenheit's Thermometer Scale = § C* + 32°=: F.* 
Fahrenheit to Centigrade „ „ =^ i F.** - 32*'= C.' 



THE END. 
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